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ABSTRACT 
 
 
Characterization of Livestock Herds in Extensive Agricultural Settings in  
Southwest Texas. (May 2007) 
Brandon James Dominguez, B.S., Texas A&M University;  
D.V.M., Texas A&M University  
Chair of Advisory Committee: Dr. Bo Norby 
 Because of an ever-increasing threat of foreign animal disease outbreaks in the 
United States, there is a desire to develop strategies to prevent the occurrence of a 
foreign animal disease and control an outbreak if it does occur. Infectious disease 
models have been developed and are being used to determine reasonable mitigation 
strategies. However, little information is available concerning premises characteristics 
and movement of animals in extensively managed livestock areas. Hence adaptation of 
these models to areas where there is low livestock density is not easy. We collected 
empirical data, via mail out surveys, from an extensively managed livestock area. This 
will aid in improving the results of infectious disease models in these areas. 
 In contrast to the intensively managed livestock that have previously been 
modeled, this study has shown that in areas of low livestock density, multiple livestock 
types often are managed on the same premises. Direct contacts, facilitated through the 
planned movement of animals, appear to have a greater seasonality in extensively 
managed areas as compared to intensively managed areas. Furthermore, wildlife contacts 
are likely and of potential importance. 
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 The results of this study add to the knowledge base used to model the spread of 
infectious disease in extensively managed livestock populations. Seasonal changes in 
animal densities and contact rates may impact the results of the models. Additionally, the 
effect of multiple livestock types on premises should be considered when the expected 
spread of disease is modeled in extensive livestock areas.  
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1 
This thesis follows the style of the American Journal of Veterinary Research. 
INTRODUCTION 
 
 The Animal Disease Risk Assessment, Prevention, and Control Act of 2001 
states that “In today’s highly mobile environment and globalized agricultural economy 
there is a risk of an introduction of foot-and-mouth disease”.1 The risk of a foreign 
animal disease (FAD), such as the foot-and-mouth disease virus (FMDv) being 
introduced into the United States livestock population has renewed efforts to improve 
and expand infectious disease simulation models for resource planning and evaluation of 
mitigation strategies. However, in order for these infectious disease models to produce 
reliable outputs and correctly represent the transmission of disease in both intensive and 
extensive agricultural settings, knowledge of herd characteristics (e.g. composition of 
various livestock types on premises) and contact rates for livestock herds in various 
settings are needed.  
 Infectious disease modeling is a tool with which decision makers can analyze 
strategies for the purpose of preventing the introduction of an FAD and the detection, 
response, and recovery efforts if an FAD is introduced into the U.S.2 The outbreak of 
foot-and-mouth disease (FMD) in the United Kingdom in 20013 and the realized threat 
of terrorist attacks4 emphasized the need for well developed strategies to investigate 
these measures of prevention, control and eradication for FAD outbreaks.  
 An FAD outbreak in the United States could have severe economic and societal 
consequences.5-7 These models can be used to analyze previous epidemics, evaluate  
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possible control strategies, prepare responders, and support decision makers.8 
Furthermore, knowledge of where livestock are located, if they have moved recently, 
where they have moved to and from, and distances traveled is also of primary 
importance in the event of other adverse situations such as natural disasters. 
 Decision makers need to know the impact that an FAD introduction could have 
on the livestock industry as well as which interventions that will be most likely to stop 
the spread of the epidemic. To determine how an FAD might spread, several spatially-
explicit stochastic infectious disease models, with FMD as the disease of interest, are 
available to researchers and regulatory agencies. Common to these models is the need 
for information on the types of animals (domestic and wild) that are susceptible to the 
disease, the density of animals, spatial distribution of livestock types, the contact rates 
between livestock premises, domestic and wildlife species, and the distance that animals, 
people, and vehicles travel.9-11  
 Knowledge about livestock premises’ locations, livestock movements to and 
from the premises, and the distances that livestock moved is of primary importance in 
the face of adverse events such as natural disasters or FAD outbreaks. The knowledge of 
livestock premises’ location and recent movements of livestock will improve the 
delivery of aid to producers in the event of natural disasters and will be of paramount 
importance in the fight against an FAD incursion. In addition, this information may be 
utilized in infectious disease models and incorporated into decision support systems.2  
 To our knowledge, the contact rate information needed for the models has not 
been estimated at the farm level for extensively managed range livestock in the United 
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States. The number of times an animal or a fomite from one livestock premises has 
contact with another livestock premises is important in determining the effective contact 
rate for disease transmission.9 For spatially-explicit disease models, the distance between 
contact points is also important.11 The distance that livestock travel between premises 
may also vary more in extensive settings when compared to intensively managed 
settings. Other studies have found that, besides livestock owners, veterinarians and 
auction barns are useful sources of information concerning contacts between livestock 
premises.11,12 In addition to modeling how a disease might spread, this information can 
facilitate livestock producers’ understanding of bio-security issues related to their 
livestock. 
Objectives 
 The overall goal of this project is to improve the input data for current FMD 
simulation models used in extensive agricultural settings. These data will be provided by 
characterizing herd compositions and contact rates between livestock herds in a nine 
county study area in southwest Texas. Such data are currently not available in the United 
States for extensively managed livestock premises. The specific objectives of this study 
are to 1) determine the density of livestock in extensively managed settings, 2) 
determine how livestock types are distributed among premises, 3) determine 
management characteristics of livestock premises in an extensively managed setting, 4) 
determine the contact rates between extensively managed livestock herds, 5) investigate 
seasonal variation in contact rates, and 6) determine the distribution of distances that 
animals travel between premises. These data may be used in the future to model how an 
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infectious disease might spread in a low density population. Ultimately, this information 
will assist in strategically planning for adverse events involving extensively managed 
livestock, thus increasing the ability of decision makers’ to focus their resources for the 
most effective disease control and prevention strategies.  
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LITERATURE REVIEW 
 
 Foot-and-mouth disease (FMD) is considered by many to be the most devastating 
of the so-called “foreign animal diseases”.13-15 The United States has not had an outbreak 
of FMD since 1929,11 and like other countries that are free of the disease, precautions are 
taken to insure that an outbreak does not occur and that outbreaks will be controlled 
quickly should they happen.4  
 In the 2001 FMD outbreak in the United Kingdom there was an estimated loss of 
£3.1 billion (approximately $4.4 billion at June 1, 2001 exchange rate) due to cost of 
indemnity compensations to the public sector, export losses, decreased market price, and 
other expenses to the food industry and consumers.7 The UK slaughtered an estimated 
8% (4 million head) of the cattle, swine, and sheep inventories due to the outbreak.1 
There were other economic losses involved, such as to tourism in rural areas and public 
perception of animal agriculture.6  
 In countries or regions in Asia, Africa, and South American foot-and-mouth 
disease virus (FMDv) is endemic.9 Domestic livestock such as cattle, sheep, goats, and 
pigs can become infected. In addition, other cloven hoofed animals including water 
buffalo, camel, deer, antelope, llama, giraffe, and bush pig16 may carry and spread 
FMDv. Other animal species may become infected with FMDv, but their role in the 
spread of disease is thought to be minimal.16 The FMDv is highly contagious,1,16,17 and it 
can be spread long distances via aerosols; however, the movement of animals is 
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considered the primary means of spreading the disease.16 Furthermore, FMDv can also 
be spread via contact with contaminated products, objects, and people.16 
 In the face of a foreign animal disease (FAD) outbreak, one of the primary goals, 
will be to prevent the dissemination of sub-clinically infected animals via movement 
bans.11 If FMDv were to be introduced into the United States and allowed to spread 
through the susceptible animal population, livestock productivity is projected to decrease 
10 to 20%.1 Infectious disease modeling performed for a three county area of California 
in order to evaluate a variety of control strategies estimated that 2% of dairy herds would 
become infected.3 The spread of infection could not be modeled outside of the area 
because the data accumulated from this area could not be extrapolated to other areas.3 
Paarlburg et. al (2002) determined that the impact of an FMD outbreak in the United 
States would be small with <1% decline in farm income overall.5 The economic impact 
of a disease outbreak is not limited to the loss of productivity and compensation for 
euthanizing infected animals, but also to the loss of export markets, loss of tourism, and 
slaughter of animals for welfare reasons.6,7,14,18  
Foreign animal disease modeling 
 Models, in general, are substitutes for “real life” situations.8 Spatially explicit 
infectious disease models are especially useful when studying epidemics where the costs 
of introducing the disease for study purposes would be far greater than developing a 
model to examine how the disease might spread and how mitigation strategies may be 
used.9 The models serve as an aid to analyzing how epidemics may develop, evaluating 
control strategies, training, and decision support.8 For example, Doran and Laffan (2005) 
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stated that models are fundamental to developing management strategies.19 Models are 
relatively cheap18 to create compared to a real outbreak or initiating an outbreak in a 
controlled study environment. Bolker, et al. (1997) described three ways that models 
could be used:1) understand how the disease spreads, 2) determine how it could be 
controlled and how much effort would be needed to reduce the incidence to a certain 
level and 3) understand how the disease could be eradicated. 
 Modeling of FMD to assist with disease control planning started as early as 
1976.8 Since then, many FMD models have been created for different parts of the world 
and with varying levels of complexity.2,9,13,18-23 These models have helped improve our 
understanding of how FMDv spreads through populations and how it could be more 
easily mitigated.   
 For diseases such as FMD, the movement of animals from one location to 
another is important in the spread of the disease. Various modelers have accounted for 
this in different ways. Nielen et al. (1996) considered both individual animals as being a 
contact, as well as groups of animals transported together as contacts.12 All contacts 
made within their 3 km study area were coded as moving zero km. Because the 3 km 
was the official quarantine zone in the European Union if there were to be an outbreak, 
the authors assumed that only movements out of the zone would contribute to the spread 
of disease. Bates et al. (2001) defined a direct contact as animals physically moving 
from one location to another.11 The movement of animals within an 8 km radius of each 
premises was considered local spread.11 The ability for a disease to be transmitted 
between herds is dependent on the probability of interaction between herds.24 It can be 
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argued that the contact rate per month is the product of the number of locations that 
animals are moved to and the number of times per month that livestock are moved. 
Regardless of the time scales, the contact rate can be divided by the total number of days 
in the period to get an average contact rate per day, which is the measure that is used by 
most models.13 
 Infectious disease modeling performed for a three county area of California 
estimated that 2% of dairy herds would become infected if FMDv was introduced.3 The 
spread of infection could not be modeled outside of the area without increasing the 
uncertainty of the model results.3 Modeling efforts conducted in Australia indicated that 
FMD would primarily spread through sale yards, via the wind, and by direct and indirect 
contacts.10 Testing these models in different settings will help identify similarities and 
differences between regions with different livestock management styles. This is 
important because an outbreak of an FAD is likely to spread outside whatever area was 
reasonably large enough to model, and decision makers would still have to be able to 
evaluate the possible control strategies in the differing situations.  
Data needed to improve the models 
 To model the spread of disease, there has to be some measure of the transmission 
of disease. Because FMDv is so highly contagious between animals, typically the intra-
herd transmission is disregarded for the inter-herd spread of disease; this is based on the 
assumption that if one animal in the herd is infected, the entire herd is infected. The 
transmission probability takes into account the susceptibility of each species, the number 
of animals, and the distance from the start of the outbreak.17,19 The amount of travel,11 
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range of travel,11 and contact between herds18,25 also play a role in determining the 
transmission probability. Additionally, since the inter-herd disease spread is of primary 
importance, spatial locations are needed.26 Several models account for animal density 
and distribution, habitat requirements, and/or home ranges9,19 which helps explain the 
inter-herd spread of disease, but could also be useful in modeling the intra-herd spread of 
disease. All of these parameters may be affected by the type of livestock on the 
premises.11,19,27 Typically these data were obtained through questionnaires,11 movement 
diaries,27 or government data.10,19 To use these models in the U.S., we need to validate 
the models with animal density and contact rate data from various regions of the country. 
For example, these data may be extracted from the USDA National Agricultural 
Statistics Service (NASS), the National Animal Health Monitoring System (NAHMS), 
state departments of agriculture, livestock producers, and various other sources. 
However, these sources are not comprehensive or exhaustive. 
Available livestock data 
 The USDA is the most important source for information on livestock in the 
United States because they collect and maintain large amounts of data on the national 
livestock industry. The USDA NASS census of agriculture is conducted every five years 
while still other surveys are conducted monthly, quarterly, and annually.28 The 
information obtained in the NASS surveys includes quantification of livestock, 
demographic information concerning farm owners and employees, animals and products 
sold, and acres farmed. However, the USDA NASS only compiles lists of agriculturalists 
that produce and sell more that $1,000 in agricultural products.29 Extensive survey 
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follow-up is performed to gain responses from large operations that could significantly 
affect the results and to increase the response rate to greater than 75% in all counties.29 
The census is an in-depth publication on agricultural facts, with an economic focus at the 
county, state, and national level.30 However, premises and animal densities on those 
premises can be disaggregated by county from NASS Census data for modeling 
purposes (with some caveats). This is especially useful for areas in the United States 
where exact information on the location of livestock premises and contact rates among 
them is not known. Regardless, spatial data on livestock premises are not available, thus 
for spatially-explicit infectious disease simulation models,9,10,19 the livestock premises 
reported in NASS publications must currently be allocated at random or according to 
pre-specified algorithms (e.g. precluding livestock premises from being in lakes or 
restricting the size of premises in proximity to city limits). In addition, the NASS census 
data are only aggregated by individual livestock type (e.g. beef cow-calf, sheep, dairy, 
swine etc.), however, several livestock types may be managed on one premises.31 
Therefore, the contact rates may be underestimated for individual premises and lead to 
erroneous results and interpretation in modeling exercises. Additionally, the number of 
premises in a county may be overestimated. 
 While the NASS Census of Agriculture provides information concerning 
livestock numbers, the USDA NAHMS provides information regarding several animal 
health and management issues.32 Data for NAHMS reports are collected through 
NASS.33 To be used in infectious disease simulation models, the NAHMS data have to 
be extrapolated to the farm level from a regional level. Instead of being included in the 
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full Census of Agriculture, NAHMS focuses on regions of the United States which 
include the highest concentration of the livestock commodity of interest.33 The data 
collected for NAHMS reports of interest to disease modelers includes the proportion of 
premises with multiple livestock types, movements of animals, quarantine practices, 
people and vehicles coming onto and leaving the premises, and biosecurity measures that 
producers implement. 
 In order to specifically monitor livestock in the face of a disease outbreak, the 
USDA Animal and Plant Health Inspection Service initiated the National Animal 
Identification System (NAIS).34 Through the NAIS, the number and type of animals on 
the premises, along with the geo-coded spatial location would be determined, and animal 
movements between premises would be recorded. While animals have been identified 
for disease eradication purposes in the past, it has yet to be implemented on a scale that 
would allow for 48-hour trace-back in the face of an outbreak.34 At the introduction of 
the NAIS program, mandatory participation of all livestock producers was planned.34 
However, the program has since been reduced to a voluntary program driven by 
individual State and industry needs.35 The primary need for information on herd 
locations, sizes, and movements between herds is for government animal health officials 
to trace all the animals that were exposed to infected animals or herds during a disease 
outbreak. Infectious disease modelers can also use the same information to aid in 
determining the most effective mitigation strategies. Unfortunately, the voluntary 
character of the NAIS will likely prohibit these intended objectives for the program. 
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 Currently, all animals involved in interstate movements are required to have 
health certificates from the state of origin. Copious amounts of information can be found 
on health certificates including: the origin and destination, date of shipment, species, 
number of head, and health related information.25 This information could be beneficial to 
modeling the long distance spread of disease. However, there are several drawbacks, 
such as the large amount of variability between States. Only 18 out of the 50 states keep 
record of import and export information, and livestock classifications are not consistent 
between States.25 Often, age and sex of animals is not specified and the addresses listed 
on the health certificate may not represent the actual location that the animals are kept.25 
Health certificates could be a valuable source of interstate movement information if they 
were consistently applied across states. 
 Besides the aforementioned sources on movement of animals, there are numerous 
other sources from which information concerning livestock locations and their 
movements could be captured. Veterinarians, County Extension Agents, auction barn 
managers, and producers36 can serve as sources of information about animal movements. 
However, there is often disagreement among data from the national census of 
agriculture, state level agricultural censuses, and County Extension Agent reports.30 
Likely, this is due to slight differences in calculations and classifications of agricultural 
products and their values.30 For accurate modeling purposes, validation will always show 
that there is not complete agreement between all of the data sources;37 hence, the sole 
use of census data may result in inaccurate model results.37 
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Livestock management 
 Previous modeling efforts in the United States have primarily focused on 
intensive, high-density livestock operations. Intensive livestock management includes 
operations such as dairies, feedlots, and those swine farms with high densities of animals 
on a relatively small acreage. In contrast, extensive livestock management relies on a 
relatively large area of land for each animal unit with relatively low labor needs, 
resources, and capital.38 In 2005, 982,510 farms in the United States had cattle or calves. 
Of those, only 78,295 were dairies and 88,199 were feedlots.28 In the U.S., the majority 
of cattle (78.4%) were managed under what could be considered extensive settings.28 
One of the goals of livestock management is to maximize the efficiency11 of meat 
production. Domestic ruminant livestock have the unique ability to convert forages to 
protein for human consumption, and extensive beef production makes use of land 
resources that cannot be effectively used for crops.39 
 In addition to variable livestock management intensity it is possible that seasonal 
differences in animal densities and movements may have an effect on the rate of spread 
of an FAD. For example, it has been suggested that the spread of disease in extensively 
managed livestock would most likely occur in the dry season.16 This is because animals 
would gather around watering holes, riparian areas, and feeding areas, changing the 
distribution of animals40 and subsequently affecting disease spread. Some also believe 
that infection would be less likely to be maintained in an endemic state in low density 
populations,16 an assumption that is dependent on the disease and its infectiveness. 
14 
 
Modeling the spread of disease in extensively-managed, low-density populations can aid 
in testing these hypotheses. 
 FMD is a highly contagious FAD that would have detrimental effects on the U.S. 
livestock market. Fortunately, there are models available to assist in evaluating the best 
strategies to prevent the incursion of the disease, detection of and response to an 
outbreak, control the spread of disease, and assist in recovery from an outbreak. There is 
information available on the livestock industry at the county and region levels that could 
be modified for the models, but there are few data available at the premises and 
individual animal levels. While models have been validated for the areas they were 
developed in, there may be other parameters in different areas that could substantially 
affect the model outcomes. There could be parameters, such as seasonality, that could 
affect the outcome of models as data is acquired from other areas to improve and 
broaden the scope of infectious disease models. 
15 
 
MATERIALS AND METHODS 
 
Study area 
 The study area in southwest Texas consisted of nine counties: Bandera, Edwards, 
Frio, Kinney, Maverick, Medina, Real, Uvalde, and Zavala Counties. These nine 
counties cover 30,000 km2 between the 7th largest city in the United States, San Antonio, 
Texas,41 and the international border with Mexico (see Figure 1). It represents an 
extensive agricultural setting with an average farm or ranch size of 750 hectares.42 In 
2002, there were an estimated 104,830 beef cows, 330 dairy cows, 8,600 cattle on feed, 
95,000 sheep, 180,800 goats, 1,400 hogs, and 25,600 farmed deer on 2,830, 54, 91, 486, 
1,020, 112, and 163 premises, respectively.42 There were an estimated 5,223 farms in the 
study area with livestock or crops according to the 2002 NASS census of agriculture.42  
 The land cover in the area is primarily native prairie grasses with low lying 
shrubs and a small number of improved pastures and cultivated lands.43 The topography 
of the area is flat in the southeastern and northwestern regions of the study area with 
large canyons in the north. Elevations range from 400 feet on the Rio Grande plain in the 
south to 2,410 feet above sea level on the Edward’s Plateau in the north.43  
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Figure 1. Land cover map of the Southwest Texas study area. 
 
Study design 
 A descriptive study (survey) was conducted to accomplish the objectives for this 
study. The target population for this study was all livestock producers in the nine-county 
study area. The sampling frame consisted of producers that had participated in at least 
one producer meeting arranged by county-level agents and enrolled in the agents’ 
mailing lists in the nine county study area.   All livestock producers on these mailing 
lists were included in the survey, and hence comprised our study population. 
 Survey 
 The exact type(s) of livestock that they each raised was not known prior to 
mailing out surveys. To avoid mailing surveys to each rancher requesting information on 
all possible livestock types in the study area, we took a two-stage approach which 
allowed us to first determine the type(s) of livestock raised on each premises and general 
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management practices used, and to secondly determine movements of specific livestock 
types. First, a 4-page general survey was developed to collect information on animal 
density and distribution, premises components, and indirect contacts (see APPENDIX I). 
Second, 2- to 4-page livestock-type-specific surveys were developed to gather data on 
seasonal changes in animal density and direct contacts based on the various livestock 
types that producers owned (see Appendices II-VIII). Based on the predominant herd 
types reported by the 2002 USDA NASS agricultural census, the livestock types chosen 
were beef cow-calf, stocker cattle, cattle on feed, dairy cattle, sheep and goats, domestic 
swine, and high-fenced deer and exotics.  
 Administration of the surveys followed the outlines published by Dillman,44 and 
surveys were first mailed in October 2005 to all livestock producers on the lists. The first 
mailing included a cover letter and information sheet explaining the rationale and goals 
of the project, the general survey, and a pre-paid postage return envelope. A reminder 
postcard was sent one week after the first mailing, and non-respondents received a 
replacement survey five weeks after the first mailing. With the help of a journalist with 
the regional Texas Cooperative Extension office, newspaper articles were distributed 
through the local media at the time the general survey was first mailed out and again at 
the time of the replacement survey mailing. The articles explained the project, how data 
from the surveys would be used, and encouraged participation. Broadcasts on local farm 
radio shows explained more about the project and further encouraged participation. 
 Respondents to the general survey were mailed a livestock-type-specific survey 
for each livestock type(s) they owned as indicated on the general survey. Non-
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respondents to the livestock-type-specific survey were contacted with a follow up 
mailing four weeks after sending the initial livestock-type-specific survey. The last 
survey was received in late March, 2006. Surveys were pre-tested with Cooperative 
Extension Service personnel from the nine counties. The project and all survey mailings 
and instruments were exempted from review by the Texas A&M University Institutional 
Review Board (IRB exempt protocol: 2005-0352).  
Livestock numbers 
 On the general survey, producers reported the type(s) of livestock they owned. 
For beef cow-calf, dairy cattle, sheep and goats, and swine, the number of breeding 
females was determined. The total number of animals, for the respective livestock type, 
was determined for stocker cattle, cattle on feed, and high-fenced deer and exotics. From 
this information, we determined which livestock-type-specific survey(s) to send each 
producer. From the livestock-type-specific survey, the numbers of male, female, and 
offspring animals were ascertained for each month of the year. The monthly variation in 
animal numbers was also determined for the stocker cattle, cattle on feed, and high-
fenced deer. Because there were a large number of beef cow-calf premises, they were 
divided into small and large premises based on the NASS category closest to the median 
cow-calf herd size. 
Livestock density 
 Livestock numbers for each month, obtained from the livestock type specific 
survey, were divided by the total acreage for each premises to obtain an estimate of the 
livestock density on the premises. 
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Premises information 
 The total number of acres, owned and leased, included in the premises was 
determined. Furthermore, the subtotal number of acres of each of native rangeland, 
improved pastures, and cultivated land was ascertained for each premises. The number 
of locations more than a 1.6 km apart under each producer’s management was 
established. Roads separating locations and premises borders were also determined. 
Watering locations and supplemental feeding practices were obtained for premises. 
Producers were asked about the kind and quantity of supplemental feeding that they did 
each month of the year.  
 The number of employees that each premises employed and the number of those 
employees that had livestock of their own was assessed. The number of hunters that used 
each premises and the number of hunters that had livestock of their own was determined 
since hunting is a large ancillary income for many ranches in the area. Because extensive 
management may necessitate horses and dogs being used to work livestock, their 
numbers were assessed in the survey as well.  
 Producers were asked, on the livestock type specific survey, to provide the 
distance and direction “as a crow flies” from their premises to the nearest town. A layer 
file with cities in the study area was created in an analytical mapping program (ESRI 
ArcMapTM 9.0, ESRI, Inc. Redlands, California, USA) and the producers’ spatial 
location was added using the direction-distance tool to plot premises locations as points 
with respect to named cities or towns. Coordinates (X and Y) were calculated for the 
premises using the standard Visual Basic script available. A database containing 
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information on the total number of animals, acreage, and herd type for each producer 
was joined to the layer file.   
Herd-aggregate determination 
 Several producers had multiple livestock-types on their premises. For analytical 
purposes and because the sample sizes for some livestock type combinations were very 
low, herd-aggregates were constructed (see Figure 2). Multivariate analysis techniques 
were attempted to group the various livestock type combinations into herd aggregates of 
similar livestock type combinations. Other studies guided our approach to assign 
premises to herd aggregates based on the livestock types they had.10-12,27 Factor analysis 
was unsuccessfully attempted followed by cluster analysis. An ad hoc definition of herd-
aggregates was made based on the livestock-type, herd size, and contact rate. 
 Livestock numbers, density, and contact rates were calculated both by livestock 
type--regardless of other livestock types that were on the premises--and by herd 
aggregates, which accounted for multiple livestock types being managed on the same 
premises.  
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Figure 2. Flow of livestock groupings. 
 
 
Determination of contacts 
 Each month, where each of the livestock types were shipped to when leaving the 
premises was determined, as well as where they came from when arriving at the 
premises. Direct contacts, the movement of animals from one location to another, and 
indirect contacts, the movement of people and vehicles to the livestock premises was 
determined. Contacts were divided into categories based on whether the contact was a 
direct contact on to the premises, a direct contact off of the premises to another premises, 
a direct contact to slaughter, an indirect contact to the premises that included contact 
with animals (high risk), or an indirect contact to the premises that did not include 
contact with animals (low risk). Direct contacts were classified into categories based on 
Premises 
Livestock 
Types 
Herd 
Aggregates 
1. Livestock-types designated on 
surveys that producers returned 
concerning the livestock they 
manage. 
 
2. Multiple livestock types could be 
kept on one premises 
 
 
 
 
 
3. Premises with similar combinations 
of livestock types will be combined 
into herd-aggregates based on 
livestock-type, herd size, and 
livestock-type contact rates. 
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whether the contact was coming to the premises, leaving the premises, or going to 
slaughter. Indirect contacts were divided into high risk and low risk categories similar to 
a study done by Bates, et al (2001) where indirect contacts that involved contact with 
animals were considered high risk and those that just came to the premises were low 
risk.11  
 The number of animals moved each month was determined for each livestock 
type and each contact category. Each movement of animals indicated by producers in a 
month was counted as one direct contact regardless of the number of animals moved. A 
follow-up telephone interview was performed with producers to verify this assumption 
(see APPENDIX IX). Producers were asked the number of premises of each type that 
they would take animals to and receive animals from. The number of days each month 
that animals were shipped or received was determined for the months which animals 
were moved. Indirect contacts were summed for each premises by month according to 
the risk category. Direct contacts were summed for each livestock type by month based 
on whether the contact was coming to the premises, leaving the premises, or going to 
slaughter. These summed monthly contact rates were then divided by 30 to obtain an 
average contact rate per day for each livestock type for premises. 
 A surrogate measure for contacts between livestock and wildlife was estimated 
by the number of times livestock producers observed wildlife susceptible to foot and 
mouth disease within 150 m of their livestock on per day, per week, per month, and per 
year basis. Wildlife types of interest were whitetail deer, feral swine, javelina, and exotic 
hoof stock. An ‘other’ category was included, and those responses to this category that 
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fit the exotic livestock category were re-coded as such. Responses were standardized to 
the number of observations per day. The number of each type of wildlife was 
approximated as the minimum seen, most common number seen, and the maximum 
number seen to define a triangular distribution.  
Distance moved by direct contacts 
 Producers were asked to report the minimum, most common, and maximum 
distances that animals traveled to and from their premises. The shortest distance, most 
common distance, and longest distance were summarized for each livestock type. 
Distances were further divided according to whether animals were leaving the premises 
or coming on to the premises. 
County agents 
 County Agriculture and Natural Resources Agents with the Texas Cooperative 
Extension Service in the study area (n=9) were asked questions similar to those on the 
general and livestock-type specific surveys in September, 2005 (see APPENDIX X). 
Participation was encouraged by regional directors, and all county agents participated in 
the study. Livestock numbers and the percentage of cow-calf operations with other 
livestock types were determined at the county level, and ownership and employee trends 
were ascertained. Livestock marketing practices in each county were determined. The 
percentage of producers, by livestock type, that perform certain production practices 
(e.g. weaning, culling) each month was ascertained. 
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Auction barns 
 To estimate the distances that animals traveled to and from auction barns and the 
volume of animals that pass through auction barns, auction barn managers in the general 
area were interviewed (see APPENDIX XI). There were three auction barns in the study 
area and another four within 50 km of the study area. All seven were considered 
potential transfer points for producers in the study area, based on preliminary discussions 
with Cooperative Extension Service personnel. All seven auction barns were asked to 
participate in the study. 
Veterinarians 
 Veterinarians in the study area were surveyed similarly to livestock producers 
(see APPENDIX XII). The goal in surveying veterinarians was to determine the number 
of contacts they had with multiple livestock premises, as an example of high risk indirect 
contact. The number of farm calls made, the distance traveled on calls, the number of in-
clinic livestock appointments, and the distance that clients traveled for appointments 
were estimated. Veterinarians within the study area were identified through the Texas 
Veterinary Medical Association as working in a large animal or mixed animal practice. 
All large animal or mixed animal practitioners were sent a survey with a letter of support 
from the current association president. 
Statistical analysis 
 Data were entered and stored in a commercially available relational database 
(Microsoft Access 2003®, Microsoft Corporation. Redwood, Washington, USA). 
Descriptive statistics for livestock numbers, livestock densities, and contact rates were 
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reported as the mean, standard deviation, median, and range for each variable of interest 
using a commercially available statistical program (STATA/SE 9.1 ®, Stata Corp., 
College Station, Texas, USA). 
 The mean center of the spatial location of the surveyed premises and a directional 
ellipse with a 95% confidence interval was determined using analytical mapping 
software (ESRI ArcMapTM 9.0, ESRI, Inc. Redlands, California, USA). The mean center 
is simply an average of the X and Y coordinates.45 This information can be used to 
observe changes in the distribution of various parameters. The directional ellipse is the 
most common way to evaluate the trend over points.45 The mean center was then 
weighted based on the total number of animals in the herd, total acreage of the premises, 
and density of livestock. The density of livestock was calculated as the total number of 
acres divided by the total number of animals per acre.   
 The Spatial Autocorrelation tool (Moran’s I) was used to determine if there was 
significant clustering based on herd type, total number of animals, total acreage, and 
density. A Moran’s Index of zero indicates random dispersion, while values approaching 
(+) 1 or (-) 1 indicate clustering or dispersion, respectively.45 
 Factor analysis using a principle factor analysis method and Eigen cut-off value 
of 1 was used to attempt to group livestock type combinations into similar factors. 
Additionally, cluster analysis was attempted to group livestock types based on natural 
groupings in the data. The average direct contact on to and off of premises for each 
livestock type combination was used as the cluster variable, and an indicator variable for 
each livestock type were added as constraints to the clustering variable to keep livestock 
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types as close together as possible. Single linkage, complete linkage and Ward’s linkage 
hierarchical clustering was performed using both the Calinski-Harabasz pseudo-F and 
the Duda-Hart Je(2)/Je(1) index as indicators of when to establish the clusters.46 Both 
methods could give the same or different cut points, so both were evaluated. The 
correlation coefficient was used as the similarity measure.46 Some combinations of 
livestock types could not be evaluated because of a lack of information. 
 The Kruskal-Wallis statistic was used to determine significant differences in 
contact rates between months for each livestock type and the number of animals on the 
premises each month because the data was not normally distributed.  
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RESULTS 
 
Survey response 
 Of 528 livestock producers available on the mailing lists from the 9 county-level 
agents, 23 (4.4%) had addresses which were no longer valid, 35 (6.6%) no longer had 
livestock and 51 (9.7%) responded that they declined to participate. The remainder of 
producers did not respond. A total of 156 (33.2%) producers completed the general 
survey. (We were unable to contact one producer for the livestock-type-specific survey.) 
Overall, 125 different completed livestock-type-specific surveys were received from 87 
of 155 (56.1%) producers. Each producer returned between one and four livestock-type-
specific surveys. Seventy (55.1%) beef cow-calf producers, 20 (40.8%) stocker cattle 
producers, 4 (28.6%) cattle on feed producers, 27 (39.1%) small ruminant producers, and 
4 (26.7%) high-fenced deer and exotics producers responded out of 155 producers 
contacted.  
Livestock numbers 
 The number of animals on each premises was determined for each month of a 
typical year (see Table 1). Deer and exotics had the highest number of animals per 
premises (745 head). The distribution of the number of animals was heavily right 
skewed for each livestock type. Because there were numerous beef cow-calf premises, 
for analytical purposes concerning livestock numbers and contact rates, we divided them 
into large and small premises based on herd size cut point of 100, which was the most 
reasonable break point in the NASS Agricultural Census data. 
  
Table 1. Mean and median number of animals by livestock type (n=125) per month. Numbers represent all premises reporting a particular 
livestock type regardless of other livestock types on the premises.  
  Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total 
 N* Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
  Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
45 
43.9 
±41.3 
47.7 
±39.9 
49.3 
±40.9 
49.1 
±40.2 
50.2 
±40.2 
50.6 
±40.8 
49.0 
±38.8 
49.1 
±38.6 
46.9 
±36.5 
47.0 
±36.5 
48.2 
±36.8 
46.1 
±36.8 
48.1 
±38.6 
Small 
Cow-
calf†  29.5 (0;152) 
35.5 
(0;152) 
38 
(0;172) 
38 
(0;155) 
40 
(0;155) 
40 
(0;155) 
40 
(0;143) 
41.5 
(0;143) 
41.5 
(0;133) 
42 
(0;133) 
42.5 
(0;133) 
40.5 
(0;133) 
40 
(0;172) 
25 
389.6 
±630.2 
405.0 
±625.1 
439.9 
±665.9 
459.4 
±707.8 
459.4 
±726.3 
471.2 
±724.9 
451.2 
±710.4 
454.2 
±712.7 
449.7 
±23.7 
435.0 
±706.5 
433.0 
±707.4 
392.0 
±603.4 
436.6 
±676.0 
Large 
Cow-
calf‡  240 (0;3051) 
232 
(0;3051) 
240 
(0;2651) 
240 
(0;2931) 
240 
(0;3071) 
250 
(48;3101) 
240 
(0;2966) 
240 
(0;2991) 
240 
(0;3051) 
240 
(0;2941) 
240 
(0;2941) 
240 
(0;2941) 
240 
(0;3101) 
70 
150.8 
±266.5 
158.6 
±267.5 
175.0 
±345.5 
179.8 
±356.2 
179.5 
±356.6 
179.8 
±356.7 
176.5 
±352.6 
177.5 
±352.8 
174.0 
±354.3 
170.0 
±348.0 
167.7 
±347.4 
151.7 
±258.4 
170.0 
±332.3 
All 
Cow-
calf  66.5 (0,1526) 
70.5 
(0,1526) 
76 
(0,2535) 
72.5 
(0,2535) 
71.5 
(5,2535) 
75 
(0,2535) 
72.5 
(0,2535) 
72.5 
(5,2535) 
71.5 
(0,2535) 
68.5 
(0,2535) 
68.5 
(0,2535) 
68.5 
(0,1515) 
72 
(0,2535) 
20 
420.4 
±1,046 
623.7 
±1,968 
264.0 
±482.8 
289.4 
±491.3 
274.1 
±494.7 
566.5 
±1,958 
224.2 
±436.9 
178.0 
±390.6 
189.6 
±391.1 
253.5 
±422.6 
257.3 
±434.7 
253.6 
±474.0 
316.2 
±933.9 
Stocker 
Cattle 
 18.5 
(0;5000) 
39 
(0;10000) 
24 
(0;1900) 
39 
(0;1900) 
23.5 
(0;1900) 
38 
(0;10000) 
25 
(0;1500) 
22 
(0;1500) 
22 
(0;1500 ) 
80 
(0;1500) 
65 
(0;1500) 
37 
(0;1900) 
26 
(0;10000) 
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Table 1. continued. 
  Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total 
 N* Mean 
±SD 
Mean 
±SD 
Mean 
±SD
Mean 
±SD
Mean 
±SD
Mean 
±SD
Mean 
±SD
Mean 
±SD 
Mean 
±SD
Mean 
±SD
Mean 
±SD
Mean 
±SD
Mean 
±SD
  Median 
(Range
Median 
(Range) 
Median 
(Range)
Median 
(Range)
Median 
(Range)
Median 
(Range)
Median 
(Range)
Median 
(Range) 
Median 
(Range)
Median 
(Range)
Median 
(Range)
Median 
(Range)
Median 
(Range)
4 
148.5 
±20.5 
148.5 
±20.5 
148.5 
±20.5 
161. 7 
±319.0 
275.0 
±356.6 
275.0 
±356.6 
275.0 
±356.6 
275.0 
±356.6 
276.0 
±355.8 
151.8 
±319.7 
151.8 
±319.7 
151.8 
±319.7 
203.2 
±314.6 
Cattle 
on 
Feed  8 (0;800) 
8 
(0;800) 
8 
(0;800) 
5 
(0;800) 
105 
(0;800) 
105 
(0;800) 
105 
(0;800)
105 
(0;800) 
108 
(0;800) 
8 
(0;800) 
8 
(0;800) 
8 
(0;800) 
13 
(0;800) 
27 
513.0 
±1087.7 
556.9 
±1153.2 
567.0 
±1152.5 
583.2 
±1150.6 
474.2 
±792.3 
439.9 
±668.1 
423.1 
±661.2 
417.5 
±663.9 
417.1 
±664.1 
414.2 
±664.6 
411.6 
±663.5 
408.9 
±661.0 
468.9 
±849.3 
Small 
Rum- 
inant  124 (0;5585) 
201 
(0;5585) 
181.5 
(0;5585) 
224 
(0;5585) 
224 
(0;3435) 
224 
(0;3085) 
191 
(0;3085) 
129.5 
(0;3085) 
129.5 
(0;3085) 
129.5 
(0;3085) 
129.5 
(0;3085) 
129.5 
(0;3085) 
184 
(0;5585) 
4 
724.3 
±1417.2 
746.8 
±1402.5 
746.8 
±1402.5 
746.8 
±1402.5 
746.8 
±1402.5 
746.8 
±1402.5 
746.8 
±1402.5 
746.8 
±1402.5 
746.8 
±1402.5 
746.8 
±1402.5 
746.8 
±1402.5 
746.8 
±1402.5 
744.9 
±1228.5 
Deer & 
Exotics 
 23 
(1;2850) 
61 
(15;2850) 
61 
(15;2850) 
61 
(15;2850) 
61 
(15;2850) 
61 
(15;2850) 
61 
(15;2850) 
61 
(15;2850) 
61 
(15;2850) 
61 
(15;2850) 
61 
(15;2850) 
61 
(15;2850) 
31 
(1;2850) 
*N represents the number of premises which completed the appropriate species-specific survey concerning the number of total animals by species each 
month. †Small Cow-calf represents premises with less than 100 head of breeding cows/heifers. ‡Large Cow-calf represents premises with more than 100 
head of breeding cows/heifers.  
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Livestock densities 
 The density of animals per acre was determined for each month of the year. 
Small ruminants had the highest density of animals per acre followed by stocker cattle 
when averaged among premises (see Table 2). Cattle on feed, while typically an 
intensively managed livestock type with high-densities, had the lowest density in this 
study area.  
Premises information 
 Eighty-four of the 156 premises (53.8%) only had one livestock type. The 
distribution of livestock types was such that 81.4% of premises were cow-calf 
operations, 31.5% had stocker cattle, 9.0% had cattle on feed, 32.7% had small 
ruminants, and 7.7% had deer and exotics. Of the cow-calf premises, 29.9% also had 
stocker cattle, 7.1% had cattle on feed, 26.0% had sheep, 24.4% had goats, and 7.9% had 
deer. A majority of stocker premises (77.6%) were involved with cow-calf production, 
22.4% had cattle on feed, 14.3% had sheep, 20.4% had goats, and 21.4% had deer. 
Premises with cattle on feed were likely to also have cow-calf production (64.3%) and 
stocker cattle production (78.6%). They also had sheep (14.3%), goats (14.3%), and deer 
or exotics (21.4%). Likewise premises with sheep or goats were apt to also have beef 
cattle (78.6%, 67.4% respectively). Three quarters of the sheep premises also had goats 
while 48.8% of goat premises had sheep. A majority of high-fenced deer and exotic 
premises had beef cattle (90.9%), stocker cattle (45.5%), cattle on feed (27.3%), sheep 
(18.2%), and goats (18.2%). 
  
Table 2. Mean and median density of animals by livestock type per month. Numbers represent all premises reporting a particular livestock 
type regardless of other livestock types on the premises. 
  Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total 
 N* Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
  Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
45 
0.08 
±0.09 
0.09 
±0.10 
0.10 
±0.11 
0.10 
±0.10 
0.10 
±0.11 
0.10 
±0.11 
0.10 
±0.11 
0.10 
±0.11 
0.10 
±0.11 
0.10 
±0.11 
0.10 
±0.11 
0.09 
±0.11 
0.10 
±0.11 
Small 
Cow-
calf†  0.05 (0,.4) 
0.06 
(0,0.4) 
0.06 
(0,0.5)
0.06 
(0,0.5)
0.60 
(0,0.5)
0.06 
(0,0.5)
0.06 
(0,0.5)
0.06 
(0,0.5) 
0.06 
(0,0.5)
0.06 
(0,0.5)
0.06 
(0,0.5)
0.06 
(0,0.5)
0.06 
(0,0.5)
25 
0.08± 
0.08 
0.08 
±0.08 
0.08 
±0.08 
0.09 
±0.08 
0.09 
±0.08 
0.09 
±0.08 
0.09 
±0.08 
0.09 
±0.08 
0.09 
±0.08 
0.09 
±0.09 
0.08 
±0.08 
0.08 
±0.08 
0.09 
±0.08 
Large 
Cow-
calf‡  0.05 (0,0.3) 
0.05 
(0,0.3) 
0.05 
(0,0.3)
0.06 
(0,0.3)
0.05 
(0,0.3)
0.06 
(0,0.3)
0.05 
(0,0.3)
0.05 
(0,0.3) 
0.05 
(0,0.3)
0.05 
(0,0.3)
0.05 
(0,0.3)
0.05 
(0,0.3)
0.05 
(0,0.3)
70 
0.09 
±0.09 
0.09 
±0.09 
0.10 
±0.10 
0.10 
±0.10 
0.10 
±0.10 
0.10 
±0.10 
0.10 
±0.10 
0.10 
±0.10 
0.09 
±0.10 
0.10 
±0.10 
0.09 
±0.10 
0.09 
±0.10 
0.09 
±0.10 
All 
Cow-
calf  0.05 (0,0.4) 
0.05 
(0,0.4) 
0.05 
(0,0.5)
0.06 
(0,0.5)
0.05 
(0,0.5)
0.05 
(0,0.5)
0.5 
(0,0.5)
0.06 
(0,0.5) 
0.06 
(0,0.5)
0.06 
(0,0.5)
0.06 
(0,0.5)
0.05 
(0,0.5)
0.06 
(0,0.5)
20 
0.23 
±0.72 
0.38 
±1.40 
0.12 
±0.23 
0.13 
±0..25 
0.13 
±0.25 
0.37 
±1.40 
0.12 
±0.27 
0.12 
±0.27 
0.13 
±0.27 
0.15 
±0.30 
0.13 
±0.25 
0.12 
±0.23 
0.18 
±0.64 
Stocker 
Cattle 
 0.20 (0,3.6) 
0.02 
(0,7.1) 
0.02 
(0,1)
0.02 
(0,1)
0.02 
(0,1)
0.02 
(0,7.1)
0.02 
(0,1)
0.02 
(0,1) 
0.02 
(0,1)
0.02 
(0,1)
0.02 
(0,1)
0.02 
(0,1)
0.02 
(0,7.1)
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Table 2. continued. 
  Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Total 
 N* Mean 
±SD 
Mean 
±SD 
Mean 
±SD
Mean 
±SD
Mean 
±SD
Mean 
±SD
Mean 
±SD
Mean 
±SD 
Mean 
±SD
Mean 
±SD
Mean 
±SD
Mean 
±SD
Mean 
±SD
  Median 
(Range) 
Median 
(Range) 
Median 
(Range)
Median 
(Range)
Median 
(Range)
Median 
(Range)
Median 
(Range)
Median 
(Range) 
Median 
(Range)
Median 
(Range)
Median 
(Range)
Median 
(Range)
Median 
(Range)
4 
0.022 
±0.044 
0.022 
±0.044 
0.022 
±0.044 
0.018 
±0.028 
0.046 
±0.050 
0.046 
±0.050 
0.046 
±0.050 
0.046 
±0.050 
0.053 
±0.056 
0.023 
±0.044 
0.023 
±0.044 
0.023 
±0.044 
0.033 
±0.044 
Cattle 
on Feed 
 0.005 
(0,0.1) 
0.005 
(0,0.1) 
0.005 
(0,0.1)
0.005 
(0,0.1)
0.040 
(0,0.1)
0.040 
(0,0.1)
0.040 
(0,0.1)
0.040 
(0,0.1) 
0.046 
(0,0.1)
0.005 
(0,0.1)
0.005 
(0,0.1)
0.005 
(0,0.1)
0.010 
(0,0.1)
27 
0.507 
±0.913 
0.561 
±0.985 
0.610 
±1.09 
0.693 
±1.30 
0.616 
±1.17 
0.600 
±1.14 
0.501 
±0.934 
0.487 
±0.926 
0.461 
±0.892 
0.485 
±0.912 
0.484 
±0.912 
0.483 
±0.912 
0.541 
±1.00 
Small 
Rum-
inant  0.132 
(0,3.8) 
0.143 
(0,3.8) 
0.141 
(0,3.8)
0.154 
(0,4.8)
0.141 
(0,4.2)
0.133 
(0,4.2)
0.133 
(0,3.8)
0.133 
(0,3.8) 
0.127 
(0,3.8)
0.127 
(0,3.8)
0.127 
(0,3.8)
0.127 
(0,3.8)
0.129 
(0,4.8)
4 
0.103 
±0.195 
0.111 
±0.190 
0.111 
±0.190 
0.111 
±0.190 
0.111 
±0.190 
0.111 
±0.190 
0.111 
±0.190 
0.111 
±0.190 
0.111 
±0.190 
0.111 
±0.190 
0.111 
±0.190 
0.111 
±0.190 
0.111 
±0.190 
Deer & 
Exotics 
 0.009 
(0,0.4) 
0.023 
(0,0.4) 
0.023 
(0,0.4)
0.023 
(0,0.4)
0.023 
(0,0.4)
0.023 
(0,0.4)
0.023 
(0,0.4)
0.023 
(0,0.4) 
0.023 
(0,0.4)
0.023 
(0,0.4)
0.023 
(0,0.4)
0.023 
(0,0.4)
0.023 
(0,0.4)
*N represents the number of premises which completed the appropriate species-specific survey concerning the number of total animals by species each 
month. †Small Cow-calf represents premises with less than 100 head of breeding cows/heifers. ‡Large Cow-calf represents premises with more than 
100 head of breeding cows/heifers 
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 Operations with cattle on feed reported the highest number of average hectares 
(4,661 hectares) whereas cow calf producers with less than 100 head had 486.7 hectares , 
on average (Table 3). Overall the average premises size in the study was 1,954 hectares. 
The distribution was heavily right skewed.  
 
Table 3. Mean and median hectares reported by livestock type. 
 N* Mean ±SD Median (Range) † 
Small Cow-calf‡ 61 486.7 ± 804.9 192.2 (12.3,4111.6) 
Large Cow-calf§ 64 2880.2 ± 5349.9 1396.2 (192.2,38445.1) 
All Cow-calf 125 1849.9 ± 4985.7 607.0 (12.3,38445.1) 
Stocker Cattle 49 3405.8 ± 8088.8 689.0 (3.6,38445.1) 
Cattle on Feed 14 4661.1 ± 9970.2 996.3 (58.3,31970.2) 
Small Ruminants 49 2547.3 ± 5478.2 809.4 (9.7,31940.2) 
Deer & Exotics 12 2161.4 ± 1427.0 2023.4 (809.4,3035.1) 
Total¶ 156 1953.9 ± 4985.7 445.2 (3.6,38445.1) 
*N is the number of premises that completed a species-specific questionnaire and 
reported acreage.  
† The range is the minimum value reported to the maximum value reported.  The 
maximum value is the same for some livestock types due to multiple livestock types on 
one premises. 
‡ Small Cow-calf represents premises with less than 100 head of breeding 
cows/heifers. 
§ Large Cow-calf represents premises with more than 100 head of breeding 
cows/heifers. 
¶The total is for all producers reporting acreage. 
 
 
 
 Approximately 46.5% of the land (122,215/263,045 hectares) used for grazing 
was leased.  The majority of extensively managed grazing land was considered native 
rangeland (87.3%). A small percentage (8.1%) of the reported land types were improved 
pasture and a smaller percentage was considered cultivated land (4.6%).   
 Roads that separated livestock premises into more than one location were 
determined for 133 producers. Two-lane highways comprised the highest response 
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(46.6%), followed by county maintained dirt or rock roads (42.1%), private ranch roads 
(37.6%), county maintained asphalt roads (26.3%), and four-lane highways (4.5%).  
 Borders of livestock premises were defined by what adjoined them. The majority 
(90.8%) of livestock premises were bordered by other livestock premises. County 
maintained roads (64.5%), highways (44.7%), rivers or streams (30.9%), and housing 
developments (7.9%) comprised most of the remainder of responses. Few producers 
(3.3%) indicated that crop land or state managed land was on at least one border of their 
premises. 
 Water troughs, either in pens (78.2%) and/or in the pasture (70.0%), and stock 
ponds (66.6%) were the most common watering locations. Streams, creeks, or rivers 
were used as a water source on 43.6% of premises and individual waterers on 8.3%. 
Several premises utilized multiple watering methods. The number of times supplemental 
feed (e.g. hay, range cubes, mineral blocks) were distributed each month was determined 
for each premises. For all types of supplemental feeding, there was a significant (p<0.05) 
increase in the winter months (October to February) (see Table 4). The data were not 
normally distributed so Kruskal-Wallis (p<0.0001) was used to evaluate differences in 
between months.  
 There was an average of 3 (median of 2 and range of 1 to 22) employees working 
on each livestock premises including the owner completing the survey. On average,0.5 
employees per premises had livestock of their own with a range of 0 to 5 employees per 
premises owning livestock.  
 
  
Table 4. Mean and median number of times that supplemental feeding was done each month of the year under extensive management for all 
premises (n=156) regardless of livestock type.  
  Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
 N* Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
  Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
91 
4.10 
±8.91 
2.41 
±6.41 
1.80 
±5.87 
1.56 
±5.77 
1.55 
±5.78 
1.54 
±5.78 
1.60 
±5.78 
2.12 
±6.68 
2.34 
±6.78 
3.82 
±8.88 
3.97 
±8.85 
3.94 
±8.88 
Automatic 
feeders 
 0 
(0,45) 
0 
(0,45) 
0 
(0,45)
0 
(0,45)
0 
(0,45)
0 
(0,45)
0 
(0,45) 
0 
(0,45)
0 
(0,45)
0 
(0,45)
0 
(0,45)
0 
(0,45)
98 
9.46 
±12.29 
8.87 
±10.90 
7.05 
±9.57 
5.00 
±9.30 
3.73 
±8.63 
3.61 
±8.29 
3.77 
±8.33 
3.88 
±8.37 
4.33 
±8.56 
5.04 
±8.87 
7.55 
±10.97 
8.39 
±11.70 
Sack feed† 
on ground 
 6 (0,60) 
6.5 
(0,60) 
4 
(0,52)
1 
(0,52)
0 
(0,52)
0 
(0,52)
0 
(0,52) 
0 
(0,52)
1 
(0,52)
2 
(0,52)
4 
(0,52)
4 
(0,60)
102 
6.40 
±10.79 
6.19 
±10.45 
5.48 
±10.22 
4.49 
±9.48 
3.88 
±8.87 
3.60 
±8.26 
3.71 
±8.49 
3.81 
±8.73 
4.29 
±9.21 
4.93 
±9.91 
5.64 
±10.12 
6.50 
±11.37 
Sack feed 
in troughs 
 1 (0,31) 
1 
(0,30) 
0 
(0,31)
0 
(0,30)
0 
(0,31)
0 
(0,30)
0 
(0,31) 
0 
(0,31)
0 
(0,31)
0 
(0,31)
0.5 
(0,30)
0.5 
(0,30)
118 
8.84 
±16.26 
8.89 
±16.69 
3.76 
±10.80 
1.25 
±5.29 
0.67 
±4.74 
0.64 
±4.72 
1.09 
±6.56 
1.25 
±6.62 
2.05 
±14.13 
3.05 
±18.65 
5.31 
±19.03 
8.68 
±21.05 
Round 
bales with 
hay rings  4 
(0,100) 
4 
(0,100)
0 
(0,100)
0 
(0,50)
0 
(0,50)
0 
(0,50)
0 
(0,50) 
0 
(0,50)
0 
(0,150)
0 
(0,200)
1 
(0,200)
4 
(0,200)
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Table 4. continued. 
  Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec 
 N* Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
Mean 
±SD 
  Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
Median 
(Range) 
83 
0.87 
±1.30 
0.87 
±1.30 
0.67 
±0.98 
0.80 
±1.26 
0.73 
±1.10 
0..73 
±1.28 
0.67 
±0.98 
0.87 
±1.30 
0.73 
±1.03 
0.87 
±1.30 
0.87 
±1.30 
0.87 
±1.30 
Round 
bales 
unrolled  0 (0,4) 
0 
(0,4) 
0 
(0,3)
0 
(0,4)
0 
(0,3)
0 
(0,4)
0 
(0,3) 
0 
(0,4)
0 
(0,3)
0 
(0,4)
0 
(0,4)
0 
(0,4)
103 
18.74 
±60.05 
20.68 
±65.32 
14.57 
±53.13 
11.24 
±51.09 
8.72 
±50.42 
7.84 
±50.33 
7.89 
±50.33 
8.00 
±50.34 
9.22 
±51.17 
9.16 
±50.43 
16.32 
±59.54 
19.67 
±65.19 
Square 
bales 
 0 (0,500) 
2 
(0,500)
0 
(0,500)
0 
(0,500)
0 
(0,500)
0 
(0,500)
0 
(0,500) 
0 
(0,500)
0 
(0,500)
0 
(0,500)
0 
(0,500)
0 
(0,500)
84 
1.54 
±5.73 
1.65 
±5.99 
1.68 
±6.13 
1.61 
±6.05 
1.50 
±6.00 
1.53 
±5.94 
1.44 
±5.99 
1.37 
±5.98 
1.64 
±6.13 
1.42 
±5.81 
1.50 
±5.76 
1.37 
±5.71 
Self 
feeders 
 0 
(0,40) 
0 
(0,40) 
0 
(0,40)
0 
(0,40)
0 
(0,40)
0 
(0,40)
0 
(0,40) 
0 
(0,40)
0 
(0,40)
0 
(0,40)
0 
(0,40)
0 
(0,40)
*N is the number of premises reporting that the indicated feeding methods were used. †Sack feed includes range cubes, grain, and/or mineral (other than 
mineral blocks) that could be fed to livestock 
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 One hundred twenty-eight premises reported hunters using their premises to hunt 
wildlife or exotics. There was an average of 2.7 hunters (median of 6, and range of 1 to 
650) hunters per premises per year. On average, 3.8 hunters per premises (on 30 
premises) also raised livestock of their own. 
 On 78 premises reporting that they had horses, there was an average of 8 horses 
(median number of horses was 3 with a range of 1 to 60) per premises. Thirty-four 
premises reported that their horses went to other ranches, shows, and rodeos at least once 
a year, or they had horses come onto their premises at least once a year. On average, 7.1 
(median was 3 and range from 1 to 100) horses per premises were in contact with other 
premises. Fifty-three producers used dogs to work livestock, with an average of 2.3 dogs 
(median was 2 and range from 1 to 10).  
 The mean center, based on the approximated X,Y coordinates, for the premises in 
the data set was found to be approximately 20.4 km East of the mean center of the study 
area. The 95% confidence interval directional ellipse for the study area was oriented in 
the Northwest to Southeast direction. This allows observations on the change in 
parameters such as land size and animal density change over the study area. 
 Weighted mean centers were calculated using acreage and livestock density 
(acres/animal) (see Figures 3 and 4). For acreage, the mean center shifted approximately 
38.7 km to the Southwest of the mean center for the data set. The 95% confidence 
interval directional ellipse weighted by acreage was slightly increased in length in the 
East to West direction.  The mean center weighted by density of animals per premises 
shifted approximately 18.2 km North-Northwest of the mean center for the data. The 
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directional ellipse weighted by number of animals was largely stretched in the Northwest 
to Southwest direction. 
 
 
Figure 3. Weighted mean center for acreage in relation to the mean center for the data. 
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Figure 4. Weighted mean center for density of animals in relation to the mean center of the data. 
 
 
Herd-aggregates 
 There were 22 different combinations of livestock types found on the premises in 
our study. An average of 1.7 livestock types per premises (median=1 and range of 1 to 4) 
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was indicated on the general questionnaire. There was an average of 1.4 livestock types 
per premises with a median of 1 and a (range of 1 to 4) of the premises that returned 
livestock type specific surveys. Approximately 57.5% of producers had one livestock 
type, but 33.3% had two livestock types, 8.1% had three, and 1.1% had four livestock 
types.  
 Factor analysis was attempted, but resulted in the loading of all livestock type 
combinations into one factor. Using the Calinski-Harabasz pseudo-F to determine the 
number of clusters, two clusters were formed by the single linkage method (see Figure 
5), five clusters were formed by complete linkage (see Figure 6), and four clusters were 
formed by Ward’s linkage (see Figure 7). Single linkage removed the combination of 
stocker cattle and cattle on feed to a group by itself. The complete linkage method 
grouped stocker cattle and cattle on feed into one group, high fenced deer into a group of 
its own, beef cow-calf alone and with high fenced deer in a group, and small ruminants 
alone, with beef cow-calf, and with beef cow-calf and high fenced deer in a fourth 
group. The remainder constituted the fifth group. Ward’s linkage method divided groups 
similarly except high fenced deer only were included with beef cow-calf (alone and with 
high fenced deer) group so that there were only four total groups.  
 The Duda-Hart Je(2)/Je(1) index indicated that there should be five clusters using 
the single linkage method and two using the complete linkage method (see Figures 5 and 
6). There were no distinct clusters using Ward’s linkage (see Figure 7). Single linkage, 
using the Duda-Hart index to determine the number of clusters, created four clusters 
with one combination of livestock types per combination with the remaining 
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combinations in one large combination. The complete linkage method produced one 
group that included high fenced deer and the combination of stocker cattle and cattle on 
feed with the remainder of livestock type combinations in the second cluster.  
 
 
8
2
6
10
11
3
12
16
14
13
18
20
21
.2.4.6.81
Correlation coefficient
Direct Contact on to and off of Premises
Single Linkage
 
Figure 5. Single linkage clustering of livestock type combinations based on total direct contacts onto 
and off of the premises. The solid line indicates the cut point determined by the Calinski-Harabasz 
pseudo-F rule, and the dotted line indicates the cut point determined by Duda-Hart Je(2)/Je(1) 
index. 
 
Beef Cow-calf/Stocker Cattle/Cattle on Feed 
Beef Cow-calf/Stocker Cattle/Dairy Cattle/Sm. ruminant 
Beef Cow-calf/Stocker Cattle/Small ruminant 
Beef Cow-calf/Small ruminant 
Beef Cow-calf/Small ruminant/High-fenced Deer 
Beef Cow-calf/Stocker Cattle 
Beef Cow-calf/High-fenced Deer 
Small ruminant 
Beef Cow-calf 
Stocker Cattle/Cattle on Feed/Small ruminant 
Stocker Cattle 
High-fenced Deer 
Stocker Cattle/Cattle on Feed 
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Figure 6. Complete linkage clustering of livestock type combinations based on total direct contacts 
onto and off of the premises. The solid line indicates the cut point determined by the Calinski-
Harabasz pseudo-F rule, and the dotted line indicates the cut point determined by Duda-Hart 
Je(2)/Je(1) index. 
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Figure 7. Ward’s linkage clustering of livestock type combinations based on total direct contacts 
onto and off of the premises. The solid line indicates the cut point determined by the Calinski-
Harabasz pseudo-F rule, and the dotted line indicates the cut point determined by Duda-Hart 
Je(2)/Je(1) index. 
Beef Cow-calf/Stocker Cattle/Dairy Cattle/Small ruminant 
Beef Cow-calf/Stocker Cattle/Small ruminant 
Stocker Cattle/Cattle on Feed/Small ruminant 
Beef Cow-calf/Stocker Cattle/Cattle on Feed 
Beef Cow-calf/Stocker Cattle 
Stocker Cattle 
Beef Cow-calf/High-fenced Deer 
Beef Cow-calf 
Beef Cow-calf/Small ruminant/High-fenced Deer 
Beef Cow-calf/Small ruminant 
Small ruminant 
Stocker Cattle/Cattle on Feed 
High-fenced Deer
Stocker Cattle/Cattle on Feed 
Beef Cow-calf/Stocker Cattle/Dairy Cattle/Small ruminant 
Beef Cow-calf/Stocker Cattle/Small ruminant 
Beef Cow-calf/Stocker Cattle/Cattle on Feed 
Beef Cow-calf/Stocker Cattle 
Stocker Cattle/Cattle on Feed/Small ruminant 
Stocker Cattle 
Beef Cow-calf/Small ruminant/High-fenced Deer 
Beef Cow-calf/Small ruminant 
Small ruminant 
Beef Cow-calf/High-fenced Deer 
Beef Cow-calf 
High-fenced Deer 
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 Since the clustering methods did not produced consistent results that could 
reasonable explain all combinations of livestock types, an ad hoc approach was 
employed using the following steps (see Figure 8). 
 
 Are there <10 animals on 
the premises? 
“Backyard herd” Is there a group of >4 
premises with only on 
livestock type?
Do they only have beef 
cattle? 
Make groups based on 
livestock types and their 
specific contact rates 
Beef Cow calf only 
operations 
Stocker cattle only 
operations 
Small ruminant only 
operations 
Mixed with  
Cattle on Feed 
Mixed with Stocker 
cattle but not cattle on 
feed 
Mixed without Stocker 
cattle or Cattle on feed 
Large Cow-calf  
Only operations 
Do they only have small 
ruminants? 
Do they only have stocker 
cattle? 
Are there <100 head 
of breeding females? 
Are there cattle 
on feed?
Are there 
stocker cattle?
Yes 
Small Cow-calf  
Only operations 
Yes
Yes 
Yes 
Yes 
No
No
Figure 8. Decision tree on determining herd aggregates. 
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Determination of contacts 
 All producers (n=156) responded that at least one high risk contact came on to 
their premises at some time during the year. On average, there were 0.3 (standard 
deviation=1.7) high risk, those that included contact with animals, indirect contacts per 
month on the premises in the study. Ninety producers also reported low risk indirect 
contacts, those that just contacted the premises not animals on the premises, occurring 
approximately 0.2 (standard deviation=0.8) times per month. For all premises in the 
study, there were insignificant differences (p>0.05, by Kruskal-Wallis) in the average 
indirect contact rate across months for both high risk and low risk indirect contacts. 
 There was a statistically significant seasonal variability to animals leaving 
premises between months for cow-calf and high fenced deer/exotics premises (p<0.05) 
(see Table 5). Cattle and small ruminants were shipped off of premises to other locations 
besides slaughter every month of the year (see Table 5). There were peaks in months that 
corresponded with observed weaning times. Of the livestock types with non-slaughter 
movements off of the premises, stocker cattle had the highest monthly contact rate. 
Many of the contacts for the high-fenced deer and exotics livestock type in our study 
were influenced by Texas Parks and Wildlife Department (TPWD) regulations as most 
movements were during the hunting season between October and February--this also 
coincides with the regulated trap and transfer period for deer breeders. The TPWD 
regulates all native species (e.g. whitetail deer) even if they are managed by a private 
land owner47. Additionally, most movements involved hides or meat (animal products) 
as opposed to live animals. There was always a level of movements of animal products 
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(0.74 contacts/month) for high-fenced deer and exotics during the remainder of the year, 
largely due to the hunting of non-regulated wildlife such as feral swine.  
 Ten beef cow-calf, small ruminant, and/or stocker cattle producers were 
interviewed by telephone to validate the assumption that the movement of animals in one 
month was generally performed on one day to one location. The median number of 
locations per day that animals were received from or shipped to was one (1) (range: one 
to seven). The median number of days per month that animals were shipped off of the 
premises, if animals were moved from the premises, was one (1) (range: one to four). 
The median number of days per month that animals were received on premises was four 
(4) (range: one to seven). The interviewees were equally divided in their opinion of 
whether or not they were representative of other livestock producers in the area. The 
responses as to why they were not representative ranged from not having many cattle to 
having mainly stocker cattle in an area they felt was primarily comprised of cow-calf 
operations. 
  
Table 5. Mean* number of direct contacts each month in an average year by livestock type. 
  N Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec Year 
Small 
Cow-calf†,a 
To 
premises 45 
0.04± 
0.21 
0.02± 
0.15 
0.04± 
0.21 0± 0 0± 0 0± 0 0± 0 0± 0 
0.02± 
0.15 
0.02± 
0.15 
0.06± 
0.25 
0.02± 
0.15 
0.02± 
0.14 
 From premises 45 
0.18± 
0.49 
0.04± 
0.21 
0.04± 
0.21 
0.09± 
0.29 
0.09± 
0.29 
0.20± 
0.59 
0.22± 
0.52 
0.29± 
0.55 
0.40± 
0.62 
0.44± 
0.72 
0.18± 
0.39 
0.24± 
0.53 
0.20± 
0.49 
 To slaughter 45 
0.2± 
0.15 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
0.02± 
0.15 
0.02± 
0.15 
0.04± 
0.21 
0.02± 
0.15 0± 0 
0.01± 
0.10 
Large 
Cow-calf‡,a 
To 
premises 25 
0.08± 
0.28 
008± 
0.28 
0.12± 
0.33 
0.12± 
0.33 
0.04± 
0.20 
0.04± 
0.20 
0.04± 
0.20 0± 0 0± 0 
0.04± 
0.20 
0.08± 
0.28 0± 0 
0.5± 
0.23 
 From premises 25 
0.24± 
0.52 
0.20± 
0.50 
0.24± 
0.60 
0.40± 
0.71 
0.28± 
0.61 
0.16± 
0.47 
0.20± 
0.41 
0.16± 
0.37 
0.48± 
0.65 
0.68± 
0.85 
0.52± 
0.65 
0.28± 
0.61 
0.32± 
0.60 
 To slaughter 25 
0.04± 
0.20 0± 0 0± 0 
0.04± 
0.20 0± 0 0± 0 0± 0 
0.04± 
0.20 
0.04± 
0.20 0± 0 
0.04± 
0.20 
0.08± 
0.28 
0.20± 
0.15 
Stocker 
cattle 
To 
premises 20 
0.10± 
0.31 
0.10± 
0.31 
0.10± 
0.31 
0.10± 
0.31 
0.10± 
0.31 
0.20± 
0.41 
0.10± 
0.31 
0.10± 
0.31 
0.25± 
0.44 
0.40± 
0.60 
0.25± 
0.55 
0.25± 
0.44 
0.17± 
0.40 
 From premises 20 
0.10± 
0.31 
0.10± 
0.31 
0.20± 
0.41 
0.25± 
0.55 
0.20± 
0.41 
0.20± 
0.41 
0.15± 
0.37 
0.25± 
0.55 
0.10± 
0.31 
0.30± 
0.57 
0.30± 
0.47 
0.40± 
0.50 
0.21± 
0.44 
 To slaughter 20 0± 0 0± 0 0± 0 0± 0 0± 0 
0.05± 
0.22 0± 0 0± 0 
0.05± 
0.22 0± 0 0± 0 0± 0 
0.01± 
0.09 
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Table 5. continued. 
  N Jan Feb Mar Apr May Jun July Aug Sept Oct Nov Dec Year 
Cattle on 
Feed 
To 
premises 4 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
 From premises 4 0± 0 0± 0 
0.25± 
0.50 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
 To slaughter 4 
0.50± 
0.58 0± 0 
0.25± 
0.50 
0.25± 
0.50 0± 0 0± 0 0± 0 0± 0 
0.50± 
0.58 0± 0 
0.25± 
0.50 
0.25± 
0.50 
0.17± 
0.38 
Small 
ruminants 
To 
premises 27 0± 0 0± 0 
0.40± 
0.19 0± 0 
0.07± 
0.27 
0.40± 
0.19 
0.40± 
0.19 
0.70± 
0.27 
0.11± 
0.32 0± 0 0± 0 0± 0 
0.03± 
0.17 
 From premises 27 
0.22± 
0.51 
0.15± 
0.36 
0.15± 
0.36 
0.15± 
0.46 
0.37± 
0.74 
0.44± 
0.75 
0.37± 
0.69 
0.33± 
0.73 
0.44± 
0.80 
0.15± 
0.36 
0.15± 
0.53 
0.15± 
0.46 
0.26± 
0.59 
 To slaughter 27 
0.40± 
0.19 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
0.04± 
0.19 
0.04± 
0.19 
0.04± 
0.19 0± 0 
0.04± 
0.19 
0.02± 
0.12 
High-
fenced 
Deer/Exo.a 
To 
premises 4 
0.25± 
0.50 
0.25± 
0.50 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.10± 
0.31 
 From premises 4 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
 To slaughter 4 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
* ± values represent the standard deviation †Small cow-calf premises have less than 100 head of breeding females ‡Large cow-calf premises have 100 head or 
more of breeding females a Significant differences in contact rates between months from the premises. 
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Table 6. Distances traveled in kilometers coming on to the farm, leaving the 
farm, and going to slaughter for each livestock type. 
 N* Minimum Mean Median Maximum 
Direct contact onto farm      
Small Cow-calf† 0 . . . . 
Large Cow-calf‡ 4 6.0 55.2 70.4 80.5 
Stocker cattle 4 20.1 275.8 281.6 402.3 
Cattle on Feed 1 160.9 426.7 563.3 563.3 
Small ruminants 2 5.4 54.5 53.6 107.3 
High-fenced Deer/Exotics 0 . . . . 
Direct contact off of farm      
Small Cow-calf 17 4.3 46.3 25.8 152.9 
Large Cow-calf 11 4.8 132.0 32.2 804.7 
Stocker cattle 6 13.4 324.1 375.5 804.7 
Cattle on Feed 1 12.9 31.1 40.23 40.23 
Small ruminants 6 2.7 45.7 29.0 128.8 
High-fenced Deer/Exotics 0 . . . . 
Terminal contact      
Small Cow-calf 0 . . . . 
Large Cow-calf 2 64.4 86.5 86.5 108.6 
Stocker cattle 0 . . . . 
Cattle on Feed 1 402.3 1448.4 402.3 1448.4 
Small ruminants 0 . . . . 
High-fenced Deer/Exotics 0 . . . . 
*’N’ is equal to the number of producers that responded completely to the relevant 
question†Small cow-calf premises are those with less than 100 head of breeding 
females‡Large cow-calf premises are those with more than 100 head. 
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 The distance that animals traveled between contacts ranged from nearly 4.8 km 
for direct contacts from small cow calf operations to1, 448.4 km for cattle on feed going 
to slaughter (see Table 6). Many producers responded with an incomplete set of 
minimum, maximum, and most common distances and were not included in the 
summary. 
 While cattle on feed, as a livestock type had virtually zero contacts off-of 
premises other than to slaughter, as a herd aggregate with other livestock types, there 
were more direct contacts off of the premises. When stocker cattle only premises are 
evaluated as a herd aggregate, there were more months with zero contacts as opposed to 
the consistent monthly contact seen with all stocker cattle operations (see Table 7). 
 Because the contact rate data were not normally distributed and residual 
distribution from ANOVA did not have constant variance, the Kruskal-Wallis statistic 
was used for comparison between months for each herd aggregate. Cow-calf operations 
and high-fenced deer and exotic producers had the only significant differences between 
months for direct contact off of the premises (see Table 7). 
  
Table 7. Mean* number of direct contacts each month in an average year by herd-aggregate. 
  N Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year
To 
premises 10 
0.10± 
0.32 0± 0 0± 0 
0.10± 
0.32 0± 0 
0.10± 
0.32 0± 0 0± 0 0± 0 0± 0 
0.20± 
0.42 0± 0 
0.04± 
0.20 
From 
premises 10 
0.50± 
0.71 
0.30± 
0.67 
0.30± 
0.67 
0.30± 
0.48 
0.50± 
0.85 
0.50± 
0.85 
0.50± 
0.71 
0.30± 
0.48 
0.50± 
0.85 
0.70± 
0.95 
0.60± 
0.52 
0.20± 
0.42 
0.43± 
0.06 
Large 
Cow-calf† 
To 
slaughter 10 
0.10± 
0.32 0± 0 0± 0 
0.10± 
0.32 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
0.10± 
0.32 
0.03± 
0.16 
To 
premises 22 
0.04± 
0.21 
0.04± 
0.21 
0.04± 
0.21 0± 0 0± 0 0± 0 0± 0 0± 0 
0.04± 
0.21 
0.04± 
0.21 
0.04± 
0.21 
0.04± 
0.21 
0.03± 
0.17 
From 
premises 22 
0.17± 
0.49 
0.09± 
0.29 
0.09± 
0.29 
0.17± 
0.39 
0.13± 
0.34 
0.17± 
0.58 
0.26± 
0.54 
0.17± 
0.39 
0.48± 
0.73 
0.61± 
0.78 
0.17± 
0.39 
0.17± 
0.39 
0.22± 
0.50 
Small 
Cow-calf‡,a 
To 
slaughter 22 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
0.04± 
0.21 
0.04± 
0.21 
0.04± 
0.21 
0.04± 
0.21 0± 0 
0.01± 
0.12 
To 
premises 4 
0.25± 
0.50 
0.25± 
0.50 0± 0 0± 0 0± 0 
0.25± 
0.50 0± 0 0± 0 0± 0 
0.50± 
0.58 
0.25± 
0.50 
0.25± 
0.50 
0.15± 
0.36 
From 
premises 4 0± 0 0± 0 0± 0 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 0± 0 
0.50± 
1.00 0± 0 
0.25± 
0.50 
0.25± 
0.50 
0.25± 
0.50 
0.17± 
0.43 
Stocker 
Cattle 
To 
slaughter 4 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
To 
premises 7 0± 0 0± 0 0± 0 0± 0 
0.14± 
0.38 
0.17± 
0.38 0± 0 0± 0 
0.14± 
0.38 0± 0 0± 0 0± 0 
0.04± 
0.19 
From 
premises 7 
0.14± 
0.38 
0.14± 
0.38 
0.29± 
0.49 
0.14± 
0.38 
0.71± 
0.76 
0.43± 
0.79 
0.57± 
0.98 
0.29± 
0.76 
0.43± 
0.79 0± 0 
0.29± 
0.76 0± 0 
0.29± 
0.61 
Small 
Ruminant 
To 
slaughter 7 
0.14± 
0.38 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
0.14± 
0.38 
0.02± 
0.15 
To 
premises 6 
0.08± 
0.28 
0.15± 
0.38 
0.08± 
0.28 
0.15± 
0.38 
0.08± 
0.28 
0.08± 
0.28 
0.08± 
0.28 
0.08± 
0.28 
0.31± 
0.48 
0.31± 
0.63 
0.23± 
0.60 
0.15± 
0.38 
0.15± 
0.39 
From 
premises 6 
0.31± 
0.63 
0.15± 
0.38 
0.31± 
0.48 
0.46± 
0.97 
0.23± 
0.44 
0.08± 
0.28 
0.08± 
0.28 
0.08± 
0.28 
0.23± 
0.44 
0.08± 
0.28 
0.08± 
0.28 
0.38± 
0.65 
0.21± 
0.49 
Mixed 
with Cattle 
on Feed¶ 
To 
slaughter 6 
0.15± 
0.38 0± 0 
0.08± 
0.28 
0.08± 
0.28 0± 0 
0.08± 
0.28 0± 0 0± 0 
0.23± 
0.44 0± 0 
0.08± 
0.28 
0.08± 
0.28 
0.06± 
0.25 
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Table 7. continued. 
  N Jan Feb Mar Apr May June July Aug Sept Oct Nov Dec Year 
To 
premises 16 
0.04± 
0.19 
0.04± 
0.19 
0.11± 
0.31 
0.04± 
0.19 
0.08± 
0.26 
0.08± 
0.26 
0.08± 
0.26 
0.08± 
0.26 
0.08± 
0.26 
0.08± 
0.26 
0.08± 
0.26 
0.08± 
0.26 
0.07± 
0.25 
From 
premises 16 
0.18± 
0.39 
0.08± 
0.26 
0.14± 
0.45 
0.14± 
0.36 
0.08± 
0.26 
0.21± 
0.50 
0.15± 
0.35 
0.25± 
0.59 
0.25± 
0.44 
0.54± 
0.79 
0.25± 
0.44 
0.46± 
0.69 
0.23± 
0.50 
Mixed 
with 
Stocker 
cattle**,a  
To 
slaughter 16 
0.0± 
40.19 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
0.04± 
0.19 
0.04± 
0.19 
0.04± 
0.19 
0.01± 
0.11 
To 
premises 18 
0.06± 
0.24 
0.03± 
0.17 
0.09± 
0.28 
0.03± 
0.17 
0.03± 
0.17 0± 0 
0.03± 
0.17 
0.03± 
0.17 
0.03± 
0.17 
0.06± 
0.24 
0.03± 
0.17 
0.03± 
0.17 
0.04± 
0.19 
From 
premises 18 
0.09± 
0.37 
0.09± 
0.28 
0.03± 
0.17 
0.11± 
0.40 
0.17± 
0.47 
0.26± 
0.61 
0.23± 
0.49 
0.31± 
0.63 
0.43± 
0.70 
0.26± 
0.51 
0.26± 
0.61 
0.14± 
0.43 
0.20± 
0.51 
Mixed §,a 
To 
slaughter 18 
0.03± 
0.17 
0.03± 
0.17 
0.03± 
0.17 
0.03± 
0.17 
0.03± 
0.17 
0.03± 
0.17 
0.03± 
0.17 
0.09± 
0.28 
0.09± 
0.28 
0.06± 
0.24 
0.03± 
0.17 
0.03± 
0.17 
0.04± 
0.20 
To 
premises 4 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
From 
premises 4 0± 0 0± 0 
0.20± 
0.45 0± 0 0± 0 0± 0 0± 0 
0.20± 
0.45 0± 0 0± 0 
0.20± 
0.45 0± 0 
0.05± 
0.22 
Backyard
†† 
To 
slaughter 4 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 0± 0 
* ± values represent the standard deviation †Large cow-calf aggregates have 100 or more head of breeding females ‡Small cow-calf aggregates have 
less than 100 head of breeding females §The mixed herd aggregate with cattle on feed includes all premises with cattle on feed ¶The mixed with 
stocker cattle herd aggregate includes all premises that have stocker cattle and another livestock aggregate besides cattle on feed. **The mixed herd 
aggregate includes combinations of beef cow-calf, small ruminant, and/or deer livestock types ††The backyard herd aggregate is all premises with 
less than 10 head of livestock a Significant differences in contact rates between months from the premises. 
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 The results for distances traveled by herd aggregates had the same range as the 
livestock type analysis. The small cow-calf only herd aggregate moved animals off of 
the premises a minimum distance of 4.83 km, while the mixed herd aggregate with cattle 
on feed sent animals to slaughter up to 1,48.41 km away (see Table 8).  
 
Table 8. Distances traveled in kilometers coming on to the farm, leaving the farm, and 
going to slaughter for each herd-aggregate. 
Direct contact onto farm N Minimum Mean Mode Maximum 
Cow-calf only >=100 1 16.1 16.1 16.1 16.1 
Cow-calf only <100 0 . . . . 
Stocker cattle only 0 . . . . 
Small ruminant only 2 5.3 54.6 53.6 107.3 
Mixed with Cattle on Feed 1 20.1 368.9 402.3 563.3 
Mixed with Stocker cattle, not Fed cattle 4 52.3 154.2 148.9 241.4 
Mixed without Stocker or Fed cattle 1 6.1 46.8 60.4 60.4 
Backyard 0 . . . . 
Direct contact off of farm      
Cow-calf only >=100 5 14.5 100.6 32.2 278.9 
Cow-calf only <100 9 4.8 21.9 24.1 48.3 
Stocker cattle only 1 22.5 501.0 740.3 740.3 
Small ruminant only 3 2.7 52.8 53.6 90.1 
Mixed with Cattle on Feed 2 6.4 58.4 40.3 321.9 
Mixed with Stocker cattle, not Fed cattle 13 4.83 172.2 88.5 804.7 
Mixed without Stocker or Fed cattle 5 10.8 65.0 32.2 152.9 
Backyard 1 4.4 4.4 4.4 4.4 
Terminal contact      
Cow-calf only >=100 0 . . . . 
Cow-calf only <100 0 . . . . 
Stocker cattle only 0 . . . . 
Small ruminant only 0 . . . . 
Mixed with Cattle on Feed 1 402.4 1448.4 402.4 1448.4 
Mixed with Stocker cattle, not Fed cattle 2 64.4 86.9 65.5 108.6 
Mixed without Stocker or Fed cattle 0 . . . . 
Backyard 0 . . . . 
 
 Livestock producers reported seeing wildlife from twice a day for white tailed 
deer to once every three days for exotic wildlife and javelina. Feral hogs were seen 
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approximately once a day. Group sizes seen were reported up to 200 large, but most 
commonly ranged from 2 to 6 animals for all wildlife species. 
County agents 
 All County Extension Agents returned completed surveys. Cow-calf and small 
ruminants were estimated to be the most represented livestock types in the study area, 
according to County Extension Agents, with approximately 260,000 head of beef cows, 
258,000 goats, and 18,500 sheep reported. Eight of the counties reported an estimated 
total of 162,000 stocker cattle and 54,000 cattle on feed. A small number of swine (350 
head) and virtually no dairy cattle were believed to be in the study area. 
 Approximately 30.7% of cow-calf operations in the study area estimated to have 
deer or exotic hoof stock. Sheep or goats were estimated to be present on almost 12.5% 
of the cow-calf operations. Thirteen percent of cow-calf operations were estimated to 
also have stocker cattle and six percent had cattle on feed. 
 Approximately 40% of premises were likely to have owners who lived in town. It 
was estimated that 15.4% of the premises in the area employed additional workers and 
51% of those employees had livestock of their own. 
 County Extension Agents reported that approximately 30.5% of livestock coming 
into their county came from an adjacent county and another 55.3% came from other 
counties in Texas. Animals coming from other states and countries constituted 8.0% and 
6.2%, respectively. For counties that did not have a sales barn (n=6) in the study area, 
County Extension Agents reported that 60.7% of livestock went to sales barns outside of 
the county with the remainder going to other herds, feedlots, or slaughter facilities 
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outside of the county, 12.8%, 10.5%, 16.0%, respectively. Three counties had a sales 
barn, and approximately 37.7% of the livestock from those counties were marketed 
there. Livestock from counties with sales barns were marketed outside of the county to 
sales barns 33.4% of the time, other herds (5.2%), feedlots (10.9%), and slaughter 
facilities (12.8%); 28% of livestock were marketed within these counties. 
 County agents reported that, generally, beef cow-calf producers (23.1%) weaned 
calves in October, which coincided with the time there was the most shipments to 
stocker operations (35.0%). Most hunting of deer and exotics occurred during the 
November to January regulated deer hunting season although there was some during 
other months due to special hunting seasons and the lack of hunting seasons on exotic 
hoof stock. Most of the sheep and goat premises weaned lambs or kids between March 
and September. For both beef cattle and sheep and goats, most movements to livestock 
shows occurred in January (see Table 9). 
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Table 9. County agent estimates of percentage of premises going through each production phase 
per month.  
Beef Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Tot 
Receive 
Breeding 0.8 25.2 21.8 9.2 5.0 1.7 1.7 1.7 10.1 5.0 16.8 0.8 100 
Weaning 0.1 0.1 2.0 11.9 15.0 15.6 5.0 6.9 11.3 23.1 8.9 0.1 100 
Ship to stocker 12.5 0.0 5.0 2.5 3.8 0.0 5.0 2.5 8.8 35.0 12.5 12.5 100 
Ship to feed 
yard 2.8 10.6 20.6 7.8 22.7 0.0 0.0 0.0 12.8 17.0 2.8 2.8 100 
Livestock Show 82.5 8.3 5.0 0.0 0.0 0.0 0.0 0.0 0.8 0.8 0.8 1.7 100 
Cull breeding 0.0 15.7 1.4 1.4 22.9 7.1 7.1 0.0 10.7 26.4 7.1 0.0 100 
Deer & Exotics Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Tot 
Hunting 24.1 1.9 0.4 0.3 0.3 0.1 0.1 0.1 0.6 2.5 29.1 40.5 100 
Ship to Auction 2.5 2.5 12.5 27.5 27.5 2.5 2.5 2.5 2.5 12.5 2.5 2.5 100 
Ship to other 
herds 9.0 9.0 9.0 21.0 1.0 1.0 1.0 11.0 11.0 25.0 1.0 1.0 100 
Commercial 
Slaughter 12.5 0.0 0.0 12.5 37.5 0.0 0.0 0.0 0.0 12.5 12.5 12.5 100 
Sheep & Goats Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Tot 
Receive 
breeding 0.0 1.7 12.5 6.7 0.0 3.3 4.2 24.2 22.5 15.0 5.0 5.0 100 
Weaning 1.1 1.1 11.6 9.7 10.7 26.4 7.6 15.7 11.1 2.6 1.1 1.1 100 
Ship to feed 
yard 20.0 0.0 6.6 8.0 13.0 17.0 2.0 33.4 0.0 0.0 0.0 0.0 100 
Livestock show 67.4 11.6 9.1 0.6 0.0 0.0 0.0 1.3 3.8 2.5 2.5 1.3 100 
Cull breeding 0.0 0.0 15.8 15.0 3.3 28.3 8.3 4.2 25.0 0.0 0.0 0.0 100 
 
 
Auction barns 
 Three of the seven auction barns (42.9%) within 50 km of the study area 
participated in a face-to-face interview. Combined, the three sold an approximate 
358,000 head of animals in an average year, with numbers reportedly consistent from 
month to month. All auction barns sold cattle to feedlots, stocker operations, cow-calf 
56 
 
 
ranches, and slaughter facilities. Two of the barns sold slaughter goats and one of those 
also sold sheep and goats to producers as replacements. One facility also sold a small 
number of exotic hoof stock and some swine. Sales were held once a week except for 
one facility that had twice weekly sales and one special sale per month. Approximately 
69% of animals (standard deviation was 12.6, range of 60 to 78%) came from within a 
72.4 km distance of each sale barn (standard deviation was 17.1, range of 56.3 to 80.5) 
and would be transported from 1.6 to more than 965.6 km from each barn. A majority 
(73.3% (standard deviation was 46.2, range of 20 to 100%)) of livestock sold through the 
auction barns came directly from farms and ranches in the area, with the remainder 
(26.7% (standard deviation was 46.2%, range of 0 to 80%)) coming from stocker 
operations. Approximately 57.3% (standard deviation was 39.1, range of 23 to 100%) of 
the livestock sold went back to farms and ranches with the remainder going equally to 
feedlots or slaughter facilities and a small percentage (<1%) going to other auction 
barns.  
Veterinarians 
 Three veterinarians that were mailed surveys responded that they were no longer 
involved in livestock medicine, five (45.5%) completed questionnaires, and the 
remainder did not respond. The respondents indicated that beef cow-calf work made up 
the greatest amount of their livestock practice both in terms of appointments in the clinic 
(average 12.1 visits per month, standard deviation 8.3, range 1 to 40) and calls to the 
farm (average 8.5 visits per month, standard deviation 5.3, range 0 to 40). Sheep, goats, 
and exotics constituted most of the remainder of in clinic appointments. Beef cattle calls 
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on the farm were divided between cow-calf premises (average 9.0 calls per month, 5 
veterinarians), stocker operations (average 2.0 calls per month, 2 veterinarians) and 
feedlots (average 19 calls per month, 1 veterinarian). Swine comprised a small number 
of calls and appointments generally between October and March (less than 8 per month 
for one veterinarian). Approximately 80% of clients brought animals in from a 56.3 km 
radius, but they did come from as far as 0.8 km to 177 km. The radii for farm calls 
extended from 0.8 km to 643.7 km for some practices, but the average farm call was 
within 48.3 km. 
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DISCUSSION AND CONCLUSIONS 
 
 The nine-county study area in Southwest Texas was selected as a representative 
extensive livestock management area. There are at least three ecological areas from the 
fertile Rio Grande plains through what is known as the Hill Country to the drier Edwards 
Plateau.43 It borders an international border with Mexico and is in close proximity to a 
large metropolitan area. This allows observations to be made concerning cross-border 
movements12 of animals and the effect that cities have on premises and potentially the 
spread of disease. Animal movements from Mexico, as indicated by County Extension 
Agents, may not be as apparent for other areas. Additionally, the area had notable 
populations of beef cattle and small ruminants,48 the two primary extensively managed 
livestock types. It is unlikely that this study area is representative of all extensive 
livestock areas in the United States, but some of the aspects that differ between extensive 
and intensive livestock management, such as multiple livestock types on a premises and 
seasonal changes in density and contact rates, could be applicable and should be studied 
in other low-density livestock areas. Spatial modeling of disease spread or animal 
movements in an extensive setting is benefited by knowledge of what borders a premises 
along with the management factors on the premises itself. Important information 
concerning seasonal changes in livestock densities and the number of livestock types on 
premises may be expected to impact the results of FMD models. 
 The target population for this study was all the livestock producers in each of the 
nine counties in the study area.  In order to obtain a random sample, or a stratified 
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random sample, from the target population, the total number of livestock producers in 
the study area and their mailing addresses would be needed.  However, such a list was 
not available. The most complete lists of the number of livestock producers in the study 
area would likely be the ones provided by the USDA National Agricultural Statistics 
Service (NASS) 2002 Census of Agriculture. Although sampling from the list of 
livestock producers included in the NASS 2002 Census of Agriculture likely would have 
provided us with the most representative sample from the target population, the NASS 
mailing lists were not available for this study.  Instead, a list of producers that had 
attended county agent meetings was used as the sampling frame.  As surveys were 
mailed to all the livestock producers on the county agent lists, livestock producers on 
these lists comprised the study population.  The county agent lists included all the 
different types of livestock producers included in the study.  However, the lists only 
included approximately 9% of the number of livestock producers in the study area as 
compared to the NASS 2002 Census of Agriculture. Furthermore, it was unknown how 
representative the county agent lists were of the different livestock producers in the 
study area. For example, the proportions of cow-calf producers sampled could be larger 
than the proportion of small ruminants producers sampled.  Furthermore, and perhaps 
more importantly, within the population of different livestock producers, the county 
agent lists could over-represent or under-represent large or small herds. In other words, 
the internal validity of the study could be affected, and the study population is a 
potentially biased sample of our target population. In addition, the response rate to our 
surveys was lower than 70%,49 and selection bias could have been introduced as well.  
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The reasons why some producers did not respond to the survey were not ascertained. 
Because different surveys were used for each livestock type an information bias could be 
present in comparisons between livestock types, however procedures used to survey 
each producer was consistent among all livestock types.  
 Since selection of a stratified sample of all producers in the target population was 
not possible, all available producers in the study population received a survey. Although 
not done, post-stratification could be performed by livestock type or by livestock type 
within county in order to obtain more precise point estimates of contact rates. Livestock 
type alone could be used as a post-stratification variable, but there would have been too 
few observations if the data were stratified by livestock type within county. If post-
stratification were to be done, the total number of producers with each livestock type in 
the study area would have to be ascertained. The NASS census data is the best 
approximation of the total livestock numbers in the area, but that also is just an estimate 
of the true number.29 Furthermore, the total number of premises in the county is less than 
the sum of the number of farms with each livestock type reported in the census.42  
 We assumed, for this study area, that the movement of animals occurred on one 
day to or from one other premises and contacts were made with only one other premises 
at each movement. We believe that this is a reasonable estimate of animal movement in 
a month since in extensive settings; animals would have to be gathered from pastures 
which take time and man power. For this reason, many producers would try to maximize 
their efficiency by gathering livestock as few times as possible and moving them in 
groups. Furthermore, with a few animals (<50 head) typically being moved each month 
61 
 
 
from each premises and most of the contacts occurring at sale barns, it is unlikely that a 
producer would take cattle to multiple sale barns on the same day. The absolute 
maximum number of potential contacts per month would be equivalent to the number of 
animals moved each month each going to separate premises on different days, which 
could be modeled as a cumulative incidence of contact.12 This was likely not the case in 
our study area because most livestock are managed and moved in groups to maintain 
some level of consistency in production. It is probable that in low density livestock 
areas, when animals are moved between premises, that movement occurs on one day for 
most livestock premises.  
 Extensively managed settings may be characterized by seasonal changes in 
livestock densities and contact rates. Other studies have attempted to capture seasonal 
variation by taking measurements during a “busy” period and during a “slow” period.27 
As opposed to intensively managed livestock, especially dairies and feedlots, where 
producers may strive for constant production over the year, extensively managed 
livestock is managed to; theoretically, make the best use of forage. The availability of 
forage may vary from month to month. Because of the variability in forage, the number 
of animals that one premise can support may vary by month or year. In addition to 
forage availability, birthing seasons and weaning seasons add to the seasonal variation in 
livestock numbers. Livestock are naturally seasonal breeders in that they have evolved to 
conceive and give birth to offspring at times when the chance for their survival is the 
highest and when forage most abundant. While there may be some fluctuation from the 
natural breeding season in order to take advantage of market prices, densities and 
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movements at the very start of the ruminant livestock production chain (which is 
typically extensively managed) can be seasonal.  
 Movements of animals in extensive settings are associated with various 
production practices that dictate when animals can be moved. Movement of animals off 
of the premises peaked in the fall months (September to November) for beef cow-calf 
premises and in the summer months (May to August) for small ruminants, but there were 
movements during other months as well. When we looked specifically at large cow-calf 
premises, three peaks could be identified in March, June, and November, which could 
coincide with often used deworming schedules.50 Direct contacts off of premises from 
cow-calf or small ruminant operations peak at weaning time when the offspring are old 
enough to remove from their mothers.33 Breeding stock also moves off of the premises 
for production reasons (i.e. they did not get bred), lack of forage, illness, injury, or age.33 
Movements of stocker cattle and cattle on feed occur when they are large enough or in 
good enough body condition to move to the feedlot or abattoir. Stocker cattle are usually 
moved onto premises when grass is available which could vary from premises to 
premises, and there is an expected peak for summer pastures and another peak for winter 
pastures. With the seasonal trend in supplemental feeding, there may be times of the year 
when susceptible animals are clustered closer together on premises. This seasonal 
change in feeding practices may indicate periods of the year when disease transmission 
is more likely.51  
 In extensively managed agricultural settings, different variables affect the density 
and distribution of livestock within premises when compared to intensively managed 
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agricultural systems. Producers in extensive agricultural settings manage livestock based 
on forage type and availability, terrain, climate, and economic factors. For example, 
multiple livestock types may be managed on single premises to optimize forage 
utilization and the economic return. This is in sharp contrast to primarily intensively 
managed operations, such as dairies and feedlots, in which only one livestock type is 
typically present. Where only one livestock type is involved, animal density and contact 
rates can be approximated for premises based on that one livestock type. When there are 
multiple livestock types on premises, they may be managed as separate herds in which 
the contacts between one livestock type are completely independent of the other 
livestock types on the premises. The alternative would be for contacts to be defined on 
the premises level where contact made by one livestock type is a contact for all other 
livestock types on the premises. The dilemma of how to define premises arises because 
premises could be defined by all of the livestock types present, the predominant 
livestock type, or the presence of important livestock type combinations. As the number 
of possible livestock types increases, the number of combinations can increase 
exponentially, however if just the predominant livestock type or important livestock type 
combinations are used, data could be lost and there could be uncertainty concerning 
what constitutes an important livestock type. It is not known whether the effect of having 
more than one livestock type on animal density and contact rates is additive or if there is 
interaction between the livestock types that influences the management on the premises. 
Because of the sample size, sampling methods in this study and the numerous 
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combinations of livestock types found, we were unable to accurately determine this 
effect. 
 Multivariate analysis methods (factor and cluster analyses) may be used to 
combine the possible livestock type combinations into similar categories for modeling 
and decision support purposes so that any effect of having more than one livestock type 
on a premises can be taken into account. Factor analysis is a statistical technique for data 
reduction while cluster analysis  is an exploratory data analysis technique to determine 
natural groupings of observations.46 Meigs (2000) found factor analysis to be a useful 
method for understanding patterns in the co-occurrence of risk factors, but the subjective 
nature of the approach was recognized.52 Factor analysis was used in another study to 
show that a risk assessment instrument could be reduced in length without loss of 
information.53 Basically, factor analysis is a method where by similar variables can be 
grouped into factors based on their communality. Cluster analysis, on the other hand, has 
been used to group similar individuals in genomics,54,55 microbiologic, and marketing 
research.56 We attempted to use these methods to group the various combinations of 
livestock types into a manageable number of groups to evaluate the effect that multiple 
livestock types on a premises has on the animal density, but no definitive groupings 
could be established. 
 The idea of multiple livestock types on premises extends beyond our study area. 
The USDA National Animal Health Monitoring System (NAHMS) reported that 85.1% 
of cow-calf premises had some other animal species on the premises.31 Dogs, cats, and 
horses were the largest groups represented. Swine were present on approximately 9.3% 
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of cow-calf premises, sheep on 4.5%, and goats on 5.1%.31 Though the number of 
premises with horses is approximately the same between our study and the NAHMS 
1997 Beef Report,31 we found a smaller percentage of dogs kept on the premises which 
is possibly due to the proportion of absentee owners as reported by County Extension 
Agents, but absentee ownership was not ascertained on the producer surveys. In our 
study area, 52.8% of the beef cow-calf premises had another livestock type. According 
to the 1997 NAHMS Beef Management Practices Report, approximately 25% of beef 
cattle premises had some other livestock type present on the premises.31 There were a 
larger number of premises in our study area that had beef cattle as well as sheep and 
goats compared to the NAHMS study which could be explained by the amount of brush 
land in our study area which sheep and goats could browse. Because our study area is 
substantially smaller and contained a more homogenous land cover than the NAHMS 
survey, we may have a concentration of beef cattle premises with sheep and goats or 
other livestock types. Additionally, our sample estimates of beef cow calf premises also 
having other livestock types were higher than expected by County Extension Agents. 
This could indicate a biased sample due to producers who have multiple livestock types 
being more willing to participate in studies such as ours. 
 In a previous study in a primarily intensive setting, the spatial location of 
livestock premises was available.11 These data are available for most premises that can 
be defined by barns or pens; however, they are not widely available in extensive settings 
where premises are defined by pastures and are not required to disclose their location for 
environmental quality purposes. The information reported here concerning the borders of 
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premises and roads separating premises can help to spatially allocate premises when the 
actual location is not known. The observed shift in the mean center of the premises when 
weighted by acreage further south and west, away from San Antonio, supports the 
hypothesis that larger premises tend to be farther from cities or metropolitan areas. The 
shift in the density-weighted mean center indicates that drier areas, with less topsoil thus 
lower forage production require more land per animal compared to areas with more 
fertile soils. The information reported here concerning the borders of premises and roads 
separating premises can help to spatially allocate premises when the actual location is 
not known. Knowing how premises are distributed in an area based on acreage, animal 
numbers, and livestock type could also serve to develop algorithms that then could be 
used to allocate premises when their location is unknown. Furthermore, land cover, 
borders, and proximity to roads and cities may be used to develop such algorithms. This 
ability might be more useful to extensively managed premises than it would for large 
dairies or cattle feedlots. 
 The average acreage by livestock type was highest for cattle on feed, but cattle 
on feed were also managed together with other livestock types in the study area. Since 
cattle are typically fed in pens and more intensively managed, our data suggests that 
larger premises are more likely to have cattle feeding components to their operation as 
opposed to cattle on feed actually being managed on that many hectares. The actual 
density of each livestock type could be improved if the amount of land dedicated to each 
was determined. Additionally, because 5 to 7 sheep, goats, or deer consume as much 
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forage as a single cow-calf pair,57 their density on pastures could be expected to be 
higher than cattle.  
 Aside from the intentional movement of livestock between premises, susceptible 
wildlife species may carry FADs between premises within their home range. While, 
Bates et al. (2001) determined that the number of wildlife contacts were not significant 
in their intensively managed study area,11 all premises in our study area reported 
observed wildlife very frequently within 150 m of their livestock. The most commonly 
seen wildlife was whitetail deer (average of twice per day) with feral swine seen 
(approximately every day). Producer reported frequencies for seeing wildlife within 150 
m of livestock was used as an indirect measure of how often wildlife was in contact with 
livestock. The exact distance that is important for disease transmission is not known and 
varies with the disease. In determining watering locations and supplemental feeding 
practices, potential livestock-wildlife interfaces were discovered. In the NAHMS Beef 
Management Practices Report, deer were most commonly seen near livestock.58 
Approximately 80% of beef cow-calf premises in the NAHMS survey reported that deer 
were in contact with livestock, feed, or water sources.58 In low density livestock areas 
where there is a higher density of wildlife, the interaction between livestock and wildlife 
may be significant in spreading FADs and other diseases from premises to premises. 
Where infectious diseases of livestock are of concern, wildlife (e.g. deer and feral hogs) 
could become important40 because wildlife may become infected with some of the same 
diseases as domestic livestock. In the face of a foreign animal disease introduction, 
wildlife may become an important reservoir for disease. 
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 Deer and exotics are a special definition of livestock type in our study area. 
Wildlife enclosed by high fences supplemented many ranch incomes because of their 
value for hunting. Native wildlife species (e.g. white- tailed deer) are regulated by the 
Texas Parks and Wildlife Department.47 Many of the contacts for the high-fenced deer 
and exotics livestock type were influenced by these regulations as most movements were 
during the hunting season between October and February. Additionally, most 
movements involved hides or meat as opposed to live animals. There was a low level of 
direct contacts during the remainder of the year due to hunting of non-regulated wildlife. 
 Cattle on feed, in this study area, were associated with co-production of beef 
cow-calf production, stocker production, or both.  The lack of direct contacts coming to 
this livestock type may indicate that calves are born on the premises, moved through a 
stocker cattle pasture, and then into the feedlot all under the same owner’s management. 
Conversely, the cattle to be fed can all be bought at one time, fed out, or sold at one time 
with no additions to the feedlot for the time with no additions to the feedlot for the time 
where there are animals present. 
 To further improve the information available in the area, alternative sources of 
information on movements of animals were explored. Veterinarians and County 
Extension Agents were the most important sources of information for livestock 
producers, and most beef cow-calf producers sold animals through auction barns.33 They 
can serve as comparisons to producer data, USDA reports, and other studies. 
 Questioning the County Extension Agents in the study area created a link 
between the USDA NASS census of agriculture and livestock producers since the census 
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was agglomerated to the county level and county agents have a relationship with 
producers in their county. Some discrepancy existed between the 2002 census of 
agriculture and our study. This may be explained by the fact that conditions in the area 
changed over the three years between our survey and the census. Climate changes, 
forage availability, and market prices during the intervening period may have lead to 
producers buying or selling animals. Furthermore, the NASS census is based on 
livestock numbers on the first of December, while our study looked at animal numbers 
over a typical year. County agents may know of more animals that are not reported on 
the census as it only includes farms with greater than $1,000 in expected sales.48 The 
census also reports statistics on individual livestock types, which may differ from data 
collected on premises with multiple livestock types. The average size of farms sampled 
in this study (4,828 hectares) is greater than the average of 750 hectares reported for the 
study area by the USDA Census. The median for our sample was 445 hectares which 
does suggest that there may have been a few large premises that increased the average 
acreage. This could indicate that smaller producers were more likely to respond to our 
surveys or were over-represented on the compiled mailing lists that we used. However, 
larger and possibly more progressive producers also participated. County Extension 
Agents reported that the highest percentage of cattle producers weaned calves in October 
and the most shipments to stocker operations occurred from October to January. These 
two production phases coincided with the months that beef cow-calf producers reported 
the highest number of movements off of their premises and stocker cattle producers 
reported the highest number of movements on to their premises. County Extension 
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Agents and small ruminant producers both reported that weaning and movements off of 
the premises occurred from May to September. County Extension Agents could be a 
valuable source for determining seasonal variations in livestock movements, since the 
data obtained from surveying them agreed well with surveys of livestock producers. For 
examples, County Extension Agents indicated that a large proportion of beef cow-calf 
producers would wean cattle in October and ship cattle to stocker operations, and many 
producers did actually ship most of their weaned calves in October. Auction barns 
reported that most cattle came from and returned to farms and ranches, and veterinarians 
were able to report how often they were in contact with livestock premises. While this 
kind of data may be biased by the agent’s, veterinarian’s, or auction barn manager’s 
perceptions compared to information obtained directly from producers, it can help to 
approximate contact rates when they are unknown. 
 Veterinarians and County Extension Agents were the most important sources of 
information for livestock producers, and most beef cow-calf producers sold animals 
through auction barns.33 County Extension Agents with the Cooperative Extension 
Service were able to describe season of animal movements close to what was reported 
by producers. Auction barns reported that most cattle came from and returned to farms 
and ranches.  
Study limitations 
 Some discrepancy between the numbers obtained from the 2002 census of 
agriculture and our study may be explained by the fact that conditions in the area 
changed over the three years between our survey and the Census. The census also reports 
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statistics on individual livestock types, which may differ from data collected on premises 
with multiple livestock types. Differences between different groups in our study (i.e. 
livestock producers, County Extension Agents, veterinarians, and auction barn 
managers) may indicate some underlying biases. 
 The response to the general survey (33.1%) and the livestock type specific 
surveys (26.7-55.1%) was comparable to similar studies,11 but below the 75% coverage 
rate that is obtained by the NASS Census of Agriculture.29 However, a survey response 
less than 70 to 80% is suspect of bias due to self-selection of the participants who might 
have different management than those who did not participate.49 The sampling frame for 
this study included attendees of county-level agricultural meetings which could be 
viewed as more progressive and willing to participate in such a study compared to other 
livestock producers in the area. Because a low response rate was anticipated and mailing 
addresses for all livestock producers in the nine-county area was un-obtainable, all 
livestock producers on our mailing lists were contacted in lieu of a sample being taken. 
We informed county agents with the Texas Cooperative Extension Service of the 
research we were doing and it’s potential for impact on preventing and controlling FAD 
outbreaks. Because they are a common source of information for livestock producers, 
they served as local liaisons that could further educate producers to the benefits of 
participating in the study. Additionally, newspaper articles and an interview on local 
farm radio served to get information about the project distributed. We speculate that our 
response rate was positively influenced by the fact that participants were aware of the 
study prior to receiving a survey. Although the survey was conducted under the 
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condition of anonymity, recipients may have perceived an invasion of privacy. Because 
of the quantity of information, some producers may have decided to not complete the 
survey forms.11 Additionally, because farmers and ranchers receive many surveys during 
the year, they may have taken the stance to only complete those surveys which they are 
required to by law.11 However, given the rationale for gathering this data was to improve 
the protection of livestock in the face of an FAD outbreak; some producers may have 
been persuaded to respond when they otherwise would not have. As in previous 
studies,11 the extent and nature of the bias due to non-responders is unknown. Even 
though NASS statistics and county agent estimates are available, without a full 
enumeration of the livestock producers in the area, the degree to which the sample 
represents the population can only be estimated.  
Recommendations for future studies 
 While this study yielded several results similar to previous studies, it clarifies 
several particular aspects of extensive livestock management that have not previously 
been reported. Further studies may be used to investigate the effect other livestock types 
may have on the contact rate for various combinations of livestock types. Because of the 
number of combinations of livestock types in our study area, there were insufficient 
numbers of premises to model the contact rate for each combination. A larger study or a 
study that is more specifically targeted at certain livestock producers would allow these 
estimates to be obtained. Additionally, with a larger study, some of the seasonal 
variations in livestock movements observed in our study may exhibit statistical 
significance.  
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 It is also possible to use the information from this study to help livestock 
producers understand bio-security issues that they may have on their premises. Given the 
livestock type, animal density, number of direct and indirect contacts, season of contacts, 
and other parameters, a biosecurity grading scale could be created to illustrate where 
improvements to biosecurity could be made.  
Summary/Conclusion 
 Knowledge of the livestock density and distribution in the study area will aid in 
responding to natural disasters or foreign animal disease outbreaks by allowing decision 
makers to plan responses. Our data will improve infectious disease modeling that is 
currently being conducted for the study area. It is unlikely that this study area is 
representative of all extensive livestock areas in the United States, but some of the 
aspects that differ between extensive and intensive livestock management, such as 
multiple livestock types on a premises and seasonal changes in density, could be 
applicable and should be studied in other low-density livestock areas. The fact that 
multiple livestock types are managed on one premises could impact the interpretation of 
future studies and infectious disease modeling efforts. Additionally, the apparent 
seasonal movement of animals may have an impact on future models and the disease 
spread in general. Spatial modeling of disease spread or animal movements in an 
extensive setting is benefited by a knowledge of what borders a premises along with the 
management factors on the premises itself. This study provides foundation for further 
studies into biosecurity and infectious disease modeling for decision support systems to 
help protect livestock in extensively managed settings. 
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